Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



Digitized by VjOOQIC 






HARVARD UNIVERSITY 






ASTRONOMICAL TUTORIAL 
LIBRARY 



60 Gaiden Street 



Digitized by CjOOQIC 



JOHN G. WOLBACH LIBRARY 

HAI'.VARn CCLI.PTF. OESERVATOHV 

CAi.',^r..:;cs, M/.is. 02i3» 



Digitized 



by Google 



Digitized by VjOOQIC. 



Digitized by VjOOQIC 



Digitized 



by Google 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



ANNALS 



ASTRONOMICAL OBSERVATORY OP HARVARD COLLEGE. 



VOL. V. 



OBSERVATIONS ON THE GREAT NEBULA OF OBION. 



PRINTED FROM THE STOBOIS FDNS. 



CAMBRIDGE: 

PRINTED AT THE RIVERSIDE PRESS. 

186T. 



Digitized by VjOOQIC 



n^ 



Digitized 



by Google 



OBSERVATIONS 



GREAT NEBULA OF ORION. 



BT THE LATB 



GEORGE PHILLIPS BOND, A. M. 



TKUMAN HENKY SAFFORD, A. B. 



CAMBRIDGE: 

PRINTED AT THE RIVERSIDE PRESS. 

1867. 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



PREFACE. 



The following work waa left uofinishcd at the death of ita author ; and ita com- 
pletion, aa far as possible, and publication, were entrusted to myself. It wa^ necessary 
for me, therefore, to complete those portions which were so fer advanced that the 
form which Profeasor Bond desired to give them could be distinctly recognized ; 
and for the remainder, to give, as far as practicable, the original observations, as 
they stand in the records of the Observatory of Harvard College, with the amount 
of discussion necessary to enable astronomers to derive as much advantage as pos- 
sible irom them. 

The portion containing the original observations of stars and the General Cata- 
logue was in a very forward state of preparation at Professor Bond's decease ; and 
the work of the editor upon that has been mostly one of revision. The remainder 
of the book has been extracted from the manuscripts, under my direction, or has 
been written by myself 

I have appended the charts and engraving, which were executed by Mr. Watts 
under the author's personal supervision ; the engraving of the nebula was completed 
in 1864, and the edition of it printed. The drawing by Professor W. C. Bond, from 
which an engraving is given in Vol. III. of the New Series of the Memoirs of the 
American Academy, was also given to Mr. Watts to reSngrave, as the original plate 
did not appear to he sufficiently accurate. The differences between the two are 
also of some importance in respect to controverted points. It has, however, been 
found an extremely difficult task to represent exactly the original drawing. 
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I would take this opportunity to express my earnest thanks to Mrs. R. P. Bond, and 
to Mies Bond, for the great interest they have taken in the present work, and for 
their assistance in completing it, without which my task would have been much more 
difficult, if not impossible. My warmest thanks are also due to J. Ingersoll Bow- 
ditch, Esq., Trustee of the Sturgis Fund, for his constant interest in the book and 
his earnest desire that it should be creditable to its author's memory, as well as 
for his wise counsel and kind assistance to me in my endeavor to make it such. 

TRUMAN HENRY SAFFORD. 
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INTRODUCTION. 



Ih the year 1857, Prof. G. P. Bond began the observations whose results are given 
in these pages. During that winter and the next spring they were continued so far, 
that the most of the stars contained between the limits of Eight Ascension of the Cat- 
alogue contained in this work and within 20' of declination of the Trapezium were 
already observed. Owing, however, to the apparition of the Great Comet, (1858, V.) 
(and also partly from the decease of Prof W. C. Bond in 1859,) the work of reduc- 
tion was discontinued for a time, and suffered an interruption of some years. But 
as soon as Vol. III. of these Annals, containing the "Account of the Comet of Donati," 
was published, Pro£ G. P. Bond returned to the Nebula of Orion, and from that 
time until his own death in 1865, devoted much of his time and of his gradually 
failing strength to this object 

The inducements to this study of the Nebula were twofold. In the first place, it 
had always been a favorite object of contemplation with the Great Equatorial. It will 
be seen, by several facts stated in the following pages, that this instrument has sur- 
passed those previously employed upon the Nebula in some respects ; especially in 
showing the great loop " corona fierschelii " as a continuous ring. Moreover, the 
recorded limits of the Nebula have been largely extended ; nebulous light was traced 
in 1864 over an area of 2.3 square degrees j while with the smaller and less favorably 
situated refractor at Kazan, Liapunoff was able to trace nebulosity only in an area of 
0.12 square degrees. 

The early Cambridge observations upon the Nebula had been partially embodied in 
a memoir by Prof. W. C. Bond, contained in the Memoirs of the American Academy of 
Arts and Sciences, New Series, Vol. III. p. 87 ; entitled " Description of the Nebula 
about the Star $ Orionis." A somewhat strict criticism upon this by Otto Struve, then 
vice-director of the observatory at Pulcova, had appeared in the Bulletin of the Phys- 
ico-Mathematical Class of the Imperial Academy of Sciences at St Petersburg, also 
in the Monthly Notices of the Royal Astronomical Society; and this circumstance 
formed another inducement to investigate the positions of the stars apparently or 
really connected with the Nebula. 
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X INTBODDCTION. 

In the year 1864, Prof. Bond decided to extend his survey of the Nebula to include 
t and c Orionis, and a portion of the region beyond. The Catalogue of Section III. 
contains, then, the positions of as many stars as could be observed with the Cambridge 
Refractor within the limits — 2™ 15* to + 2™ 15' of AR, and — 1° 30' to + 1" 30' of 
Dec. of 6 Orionis. The number of square degrees contained in this area being S.3G 
and the number of stars 1000,* we shall have 298 to a square degree. 

The observations were made mostly by diflferences of AH. and Dec. For the obser- 
vations of the brighter stars, the instrument was clamped ; the mica scale, B, employed 
in the Harvard Zones f was adjusted in the focus of the instrument, so that its AR 
lines were perpendicular to the apparent direction of diurnal motion, and the transits 
of stars across these lines were chronographically recorded ; their differences of decli- 
nation from the zero-point of the scale were obtained by estimation among the lines 
parallel to the equator. 

As the width of the scale in the direction of declination is only sine 11' x 252 
French inches, the field, with the Cambridge refractor, power 141, is but 11'; which is 
not a sufficient extent for the zone investigated in 1857-58, 40' in breadth. It was there- 
fore' necessary to divide this zone into four, overlapping one another in some degree. 
Each of these zones of IC, also, was many times repeated, and it became desirable to 
equalize them by the method of least squares. Here the unknown quantities were the 
coordinates of each of the brighter stars, and the zero-points for the zones. 

But this process requires, for the accuracy of the resulting right ascensions, that the 
instrument should have no constant tendency to a progressive motion in AR. Upon 
this point, the Harvard Zones, printed in VoL I. Part U. of these Annals, give abundant 
evidence that no sensible correction is required ; this evidence is given in Appendix II. 
2. Appendix IL 1, contains an investigation of the relation of the instrument to the 
pole. 

The accuracy of the declinations depends upon the correctness with which the 
adopted formula for the value of V of scale B, 

1'0."00 + 0."0062 (tf-eT"), 

where 6 is the reading of the external thermometer, Fahrenheit, does actually repre- 
sent its value for the temperatures at which the observations were made. Experiments 
of various kinds t to deduce a correction to this formula led only to the conclusion 
that it was sensibly correct 

It would have been hazardous, however, to depend on this value for the much larger 

* I have not included the 101 stara outside th^ae limils. 

t A description of this apparatus, and of tlie method of obaerring zones nilb it, is to be fouad in the Intro- 
dnction to Vol. I. Fart II. of the Anoala. t See Appendix 11. 3. 



Digitized by CjOOQIC 



OTRODHCTION. XI 

differences of declinatioa between 6 Orionis and the stars beyond i and c Ononis. Here 
the absolute positions of various stars from the catalogues were made available. 

Many of the stars in and near the Nebula were too faint to observe in this manner, 
as in order to see the divisions of the scale with distinctness, much light was admitted 
into the field. For the fabter stars, another plan was adopted. 
. The telescope was not clamped, but left free to move in any direction. 

Under these circumstances, it does not move of itself; and hence observations of 
differences of AR. between the fainter stars and the bright ones near them can be 
readily made by the help of a chronometer. After a difference of AR. has been thus 
observed, with a faint illumination, the declinations can be observed, also with faint illu- 
mination, but at leisure, moving the instrument occasionaUy towards the west. For 
convenience sake, the telescope was so pointed that the reading of the scale was, for 
the bright stars, very nearly equ^ to the minutes and seconds (omitting multiples of 
IfY) of declination relative to 6 ; and thus the declination of fainter stars read from the 
scale require very little correction besides an even 10', to refer them at once to 6. 

The arrangement of the sections is as follows : — 

Section I. Part 1, contains the original observations of brighter stars within 20' in 
decUnation of Orionis. They are arranged in Zones, dated and numbered, with the 
hour-angle t, and temperature, 6, of the external air by Fahrenheit's thermometer. The 
first column contains the letter* by which the star is designated; the second, the mag- 

* The notation for the elara which Prof. Bond has used, though, as he thought, rather inelegant, intending, 
in fact, to change it on the completioo of the work, prored, however, so conrenient that he detennined to re- 
lain it. The following is his account of the notation for the four classes of stars, namelj, the larger and smalter 
stars within 20' of 6 Orionia in declination, and the larger and smaller stars beyond that limit. 

Ist and 2d Classes. Stars about 6 Ononis. 

The stars in the most northern parallel were lettered in the order of their right ascensions, A, B, C, etc, 
through the alphabet, and when that was exhausted, the remainder were designated bj AA, BB, etc. Aaj 
supplementary large stars afterwards inserted, had the same letter as the catalogue star next preceding, with a 
numeral subscribed, indicating its reladve position in right ascension ; if lettered from the star following in 
right ascension, the subscribed numeral had the negative sign prefixed. If the position of the snpplementarjr 
elar was onty approximately determined, as was the case with the greater part of them, on account of their 
b^ng too faint for observation in the zones, they were indicated in a similar way by the small letters of the 
alphabet The stars in the three remaining principal parallels were designated in a similar way, the letters 
b^g accented once, twice, or three times respectively. The FoUowing is an example of the notation: — 

A'„i a— a'' = -1937To S-8°=-J-15oT9 

A' —1679.7 4-106.6 

o'l —1375.2 4-123.5 

a', -1375.2 +539.5 

rf, —1263.0 ' 4-200.5 

F -1245.5 4-391-8 

y, -1037.0 4-^69.2 
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XU INTBOOU<7nOIf. 

nitude, as estimated at the time, on Pro£ G. P. Bond's scale, employed in the Harvard 
Zonea ; the third, the scale reading; the fourth, an approximate value, d, of a quantity 
which, added to the scale reading, refers the zone to a point 20' south of 6 Ononis; the 
fifth, the variable part of the corrections for scale-value at temperature 6, for aberration, 
nutation, ajid precession to 1857.0 ; the sixth, the sum of the three preceding columns. 
In this sixth column, then, is contained the diCference of declination between the star 
in question and a point 20' south of 6, involving, however, a correction to the assumed 
zero*point of the zone, yet to be determined, which will be constant throughout the 
zone. The seventh column contains the transit across the two wires, reduced to the firstj 
the eighth, an approximate value, a, of the constant part of the reduction to $; the ninth, 
the variable part of this reduction; and the tenth column (the sum of columns seven, 
eight, and nine) contains the difference of AK between the star and B, yet, however, 
needing a correction for constant error in the assumed value of the reduction. 

Colunms six and ten, therefore, will serve to form the equations of condition, in 
which the positions of each star, and the zero-points of the zones, (these last, qiiantities 
of no iurther use,) will be the unknown quantities. 

Section L Part 2, contains the assumed positions of the stars of Part 1 ; these 
were employed in forming the final equations. Part 3 of the same section contains the 
equations of condition, to be combined and solved by the method of least squares. 

These are arranged by zones. The name of the star is used for the correction of its 
assumed Right Ascension ; the number of the zone for the correction of Right Ascen- 
sion common to all the stars of that zone. The known term of the equation is the 
approximate Right Ascension of each star in the zone under consideration, (extracted 
firom Part 1 of this section,) less the assumed AR of the star (from Part 2). 

o'l n't etc, are small stars whose approximate posiliong nere sBcertained after the completion of the zones. 
The supplementary stars were asnall/ determined from neighboring zone slars wilh reduced illumination, by 
passages in right ascension over the wires of the micrometer faintly illuminated; (he differences of declination 
being estimated by bringing the star near the edge of the scale when not bright enough to be seen between the 
divisions. The positions of a few of the most difficult could be derived only from mere estimates by the eye; 
but slara of this cIrbj, excepting in the immediate neighborhood of the trapezium, have generally been omitted 
altogether. Many of those retained are denoted by Greek letters, as ^ ^. 

3d Class. Large stars about c and t Ononis. 

The zones in these regions are designated by I-IX (around c Orionis) and X-XVIII (around t Ononis), 
I being the southemmosi of those around c, and X the northernmost of those around i. These zones, however, 
in a few cases, overlap each other or are repetitions. The stars are denoted by A, B, C, etc., with the Boman 
numeral of the zone prefixed, — in otiier things like the zones around 6 Oiwuis. 

4th Class. The small stars in these regions are designated by small letters and a numeral subscribed, rela- 
tive to the larger star next preceding or following, in the same manner as those around $ Orionis. 
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INTBODDCTIOM. xiii 

The known terms which have a • attached, receive half weight, as the observations 
were made upon but one wire for AK. 

The equations in Declination are given more briefly. Here only the known term is 
given, as the remainder of the equation ia derived immediately from the equations 
for AR. just preceding. All observations of Declination have equal weight. 

Section I. Part 4, contains the final equations obtained by the method of least 
squares; there is, of course, one equation to each imknown quantity, 197 for Right As- 
cension, and 204 for Declination. The diflerence between these numbers, as well as 
that between corresponding equations for Right Ascension and Declination, arises from 
accidental omissions of one AR wire, or of the AR. or Declination of a star in any one 
zone, or from omissions of Right Ascension or Declination in some entire zones. 

Section I. Part 5, contains the results derived from the solution of these equations ; 
in other words, the corrections to the approximate reduction of the separate zones, and 
the corrections to the approximate coordinates of the stars given in Part 2. 

The solution was made in duplicate by the indirect method of successive approxi- 
mations. This is the method alluded to as Gauss's, by the distinguished mathematician 
Claussen, in the " Briefwechsel zwischen C. F. Gauss and H. C. Schumacher," Vol. III. 
p. 71, and it ia also employed in the Greenwich observations of each year, to deter- 
mine the personal equations of the assistants. 

The approximation was carried so far, that the hundredths of seconds of time in 
Right Ascension, and tenths of seconds of space in Declination, are perfectly secure, 
and the solution was made in duplicate by Prof Bond, and by other computers. 

Besides the duplicate elimination by successive approximations, the 93 unknown 
quantities for Right Ascension, and 99 for Declination, depending on the position of the 
telescope in each zone, were also directly eliminated, and the resulting 104 and 105 
equations solved by inserting in each the last value, from the approximate solution, of 
all unknown quantities in them but the principal one of each equation. This gave 
new values of the corrections to the assumed coordinates of the stars, which agreed in 
every case within O'Ol and 0."1 with the results of the approximate elimination. 

Section I. Part 6, contains the observations of small stars near $ Orionis. 

The names of the small stars are in the first column ; the magnitudes (as before, not 
on the finally adopted scale) in the second ; the scale readings, plus the multiple of 10' 
necessary to refer the zone to a point 20' s. of 6, in the third ; in the fourth, a quantity 
termed Reduction, which is in fact, the constant error of pointing the telescope in the 
revision zones. That this Reduction is not, in the mean, equal or nearly equal to zero, 
arises from the fact that, in setting the telescope for these revisions, a provisional cat- 
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DJTRODDCTION. 



alogue was employed in which the temperature correction of the scale reading had 
been omitted. The fifth column contains the variable portion of the corrections for 
aberration, nutation, precession, refraction, and the effect of temperature on the scale ; 
the sixth, the declinations of the stars relatively to a point 20' s. of 6, being, of course, 
the sum of the third, fourth, and fifth columns. In the seventh column, which begins 
the portion of these tables referring to Right Ascension, are contained the names and 
right ascensions of the principal stars to which the small stars are referred ; the right 
ascensions which would be the same for successive lines are not repeated. The eighth 
column gives the difference of transit between the small star and the corresponding 
larger ones j the ninth, the correction for aberration, &c. ; and finally, the small star's 
right ascension for 1857.0 relative to $ Orionis is given in the tenth column, whose num- 
bers are the sums of those in the seventh, eighth, and ninth. 

Section II. is devoted to the stars near c and t Orionis. Its first Part contains obser- 
vations of the larger stars in these regions. The general arrangement is similar to that 
of the corresponding part of Section I. The exceptions are the following: — 

In Section 11. Part 1, the fourth column contains the final value of the constant cor- 
rection of scale reading to declination relative to 6, and the eighth, the constant term 
which reduces the transits across the lines of the scale expressed in clock time, to right 
ascensions relative to 6. 

The declinations in this section are referred, not to a point 20' s. of 6, but to 6 itself 
and they hold good for the equinox and equator of 1864.0. 

Section II. Part 2, contains the catalogue of stars by which the observations of the 
preceding Part are reduced to 6. It was compiled from various soiurces, including the 
previous section and other star catalogues ; some details, extracted from Prof Bond's 
papers are given. 

Section II. Part 3, contains the observations of small stars in the same regions, re- 
duced to 1864.0. It is, in other respects, tike Section I. Part 6, excepting that the scale 
reading (third column) is given without the addition of the large number of minutes 
necessary to reduce it to 6 and that this number is incorporated in the fourth column. 

The telescope was, for these zones, so set as to bring the scale readings for the prin- 
cipal stars closely in accordance with those in the principal zones ; and Prof Bond has 
therefore assumed that the constant part of this reduction was identical for the zones of 
Part 3 and those of Part 1. This will be seen on comparing the zones. 

The results of this Section, in order to appear in the General Catalogue, are to be 
corrected for precession and the adopted proper motion to 1857.0. 

Section III. contains the General Catalogue referred to 6 Orionis. In this are incoi> 



Digitized by CjOOQIC' 



ISTRODDCnON. XV 

porated the final results of Section I. Part 5, for the brighter stars near 6 Orionis ; of 
Section I. Part 7, for the small stars in the same region ; and of Section II. (corrected 
for precession to 1857.0) for those near c and t Orionis. To these are added the results 
of various direct micrometer measures and estimations from diagrams ; all which are 
explained in the notes, as well as the materials left by Prof Bond admit In in- 
stances of very faint stars, Prof Bond has given resiUts from diagrams, and assigned 
to them some small weight aa compared with direct observations, especially those 
^ven in Section I. Part 6, and Section II. Part 3 ; in all these cases the results, as 
6nally adopted by Prof. Bond, stand in the General Catalogue, and quotations from 
his manuscripts are given in the notes. 

The reduction of the direct micrometer measures was made, assuming one revolution 
of the screw = 9."800 + 0."00026 (^-50°) (d denoting the temperature by Fahren- 
heit's thermometer.) This formula is given, with the evidence on which it depends, in 
the first volume of these Annals, Part I. p. 14. I have reduced to 0° Fahrenheit, the 
observations there given by the temperature coefificient ( — 0."00022 for 1° Reaumur 
with a revolution = 9."73) — 0."00010 for 1° Fahrenheit corresponding to the Pulcova 
experiments. This has the opposite sign to the coefficient used at Cambridge. 

The results are 

Ttrnperaiure Fahrenlieit 0° Value of r red. to 0° 9''771 

» 16 " " 9.799 

« 61 " " 9.807 

" " 82 " " 9.821 

M^&n 9.800 

BO that, on this hypothesis of the effects of temperature we shall have 

r = 9'800 — o'boOlO $ instead of 
r = 9.787 + 0.00026 6 or 
Ar= 0.013 — 0.00036 6 

It may be safely assumed that the constant term 0."013 of this formula will be the 
maximum value of Ar for these winter observations, corresponding to a tempera- 
ture 0° Fahr.= — 14'.2 R^aum. The largest distance measured in this way for the 
Orion observations being 16 revolutions, and this only an isolated case, we shall have 
0."195 for the possible error arising from this source; to which is to be added fifteen 
times the po&qible error of 1 revolution which can hardly be more than 0."02x 15 = 
0."30. Hence the micrometer observations cannot be more than 0."5 in error from an 
imperfect determination of 1 revolution of the screw. 
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The measures upon the trapezium were reduced by mj'self during Prof. Bond's life- 
time. It will be Been that they agree more nearly with the elder Struve's observations 
(Mensurae Micrometricae, p. 242, seqq.) than with LiapunofTs, (p. 44 of MM. Liapunoff 
and 0. Struve's Memoir,) and hence negative the opinion of the latter author, that the 
stars b. c. d. are sensibly in motion relative to 6. 

The graduation of the mica scale used in these observations was effected by this 
same micrometer, using this formula; and it has been found sensibly accurate for a 
temperature of 67° Fahr., which is about that at which the work was done. 

The precessions of this part of Section III. include the proper motion of & according 
to Madler, with changed sign. This, for 100 years with unchanged sign, is + 2."9 in a 
and + 3."2 in S, and the precession coefficients for AR. in the Catalogue were computed 
by the formula 

— 0."029 + n [ain a' (tan ^ — tan 8) + 2 sin i (a' — a) cos J (o' + o) taa fi] 

where a = 82° 3' 47", 5 = — 5^ 29' 14", the position of 6 Orionis from Madler (for 
1857,0) ; while a — a and &' — 5 ar* the relative right ascension and declination of any 
other star, in other words the quantities given in the Catalogue. 

Section III. Part 2, contains the comparisons with the other large catalogues of stars 
in the Nebula. They have been brought together into one list, as a more ready method 
of exhibition. It only needs to be stated that the precessions of Part 1 have in all 
cases been taken into account in making the comparisons ; hence arise the trifling dis- 
crepancies which are to be found between Liapunoff's and 0. Struve's comparisons of 
the former's catalogue with the other authorities, and the same numbers as they might 
be derived from the present table. For the star 303 ^ Herschel 5, for example. Liar 
punoff gives L— H =+3."2 — 1."5; whereas Sect. III. Part 2 gives L-G. P. B.= 
-0."3 -l."8,H-G.P.B.=-3."9 +0."5, hence L-H=-f 3."6 - 2."3. BHtifffX)m 
Llapunoff'a value we subtract 13 times the precession coefficient of Part I, we shall find 
L— H = + 3."59 — 2."28, sensibly identical with the numbers just found. 

The notes to both these catalogues form Part 3 of this Section. They are referred 
to by the asterisks of the preceding Parts, and are devoted to the following sub- 
jects : — 

1. Notes to original observations. 

2. Miscellaneous observations on which the positions of stars depend. 

3. Difficult and doubtful identifications of stars. 

4. Larger discrepancies than usual from the results of others. 

6. Discrepancies in magnitude which do not probably arise from variability. 



Digitized by CjOOQIC 



dTEODUCnON. XYII 

6. Prof. Bond's marginal notes to a copy of Struve's Mtitnoir already cited. 

The remainder of the work ia mostly text, and therefore explains itself. 

Section IV. is devoted to the discussion of magnitudes, — Part 1 being general mat- 
ter, Part 2 relating to some stars probably variable. 

Section V. contains (with some slight discussion by the editor) the original physical 
observations of Prof Bond. 

Section VX is composed of a reprint of Prof. Bond's paper on the Spirality of the Neb- 
ula, with a few references by the editor to the original observations in the preceding 
Section. Prof Bond's views on this subject were thoroughly matured, and it was 
therefore thought best to reprint this paper as it stands in the Proceedings of the 
American Academy. The present work would otherwise have been incomplete. 

The Appendices are devoted, the first to Prof W. C. Bond's observations, the second 
to the errors of the Equatorial, so &r as they influence the micrometric observations. 

The following paper on the reduction of the scale observations is extracted from 
Prof Bond's manuscripts, with such notes by the editor as are necessary to extend its 
use to the zones observed in 1864. 

HEDDCTION OF THE ZONES. (1857.) 

The reduction of the zones by the application of constant corrections, the same 
for all stars in the same zone, has referred them approximately to one zero point, 
viz : ft point 20' south of and in same AR with it 

To the results thus obtained we must apply small corrections for difierences of 
refraction, precession, nutation, and aberration, and for the effect of temperature on 
the scale. Having applied these, (the places all being referred to a common epoch,) 
there will remain a zero correction to he applied to all the stars of each zone, so as to 
bring all to the nearest mutu^ agreement 

The short zones of 11' in width in Declination, and of 4" or 5" only in AR, by 
means of which we have compared the stars of the Nebula, require, for their exact 
reduction, the same formulae as those employed in our large zones, adapted to the 
declination of $ Orionis. 

Let u = the time of passage of a star read off from the chronograph sheet There 
were commonly two passages observed, one over each right ascension wire ; we will 
suppose the mean of the two referred to the first wire. 

a = Right Ascension of the star referred to the mean equinox for the beginning of 
the year, 1857. 
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9 = The reading of the scale (in minutes of arc). 

t = The interval, expressed in minutes of time as units, from a zero point for the 

zone (the time of passage of d is taken for the zero of the zone) in the 

passage of the particular star to be reduced. 
X = The correction to be applied to the time of transit, «, of a star in the same 

AR as 6 (for ^ = 0) and at the zero of the scale (« = 0) to reduce « to a, so 

that for such a star 

For any other star 

p's is a small correction for error of perpendicularity of wires, which, if constant in all 
the zones, would show itself in difference of AR of stars in extreme northern and 
southern zones. 

J- includes 

1st. A term^— -^jr being the hourly rate of gain of the clock; but ^ was less 

O'Jft d X 

than gjeo ^^ *^ 0;00033, and ^ < 3 j hence the term of jj i, depending on the clock 
rates, is <; ttOOl, and may be neglected. 

2d. A term = Differential Coefficient relatively to t (or what is the same, to a) of 
the correction reducing the apparent AR of a star at the commencement of the zone 
and zero of scale to its mean h^ for Equinox at the beginning of the year. The 
correction itself is as in the Nautical Almanac and other ephemerides, changing only 
the signs to make it the correction from apparent to mean Equinox. 

(2) — /— ysin((? + a) tanS — ABin{ir-j-a)8ecfi. 

The Differential Coefficient of this relatively to a, expressed by the proper unit, is 

(3) — [>«»((? +a) tan 8 + Aco9(fl"+a) sec S] X (arcl5'=l"). 

The unit of g and h being in the Nautical Almanac seconds of arc, we must divide 

(3) by 15 to reduce to seconds of time; hence, since arc 15' = 15 sin 1' nearly, and 

^A^^ = sm r, (3) becomes 
15 '^ ' 

(4) —[gooa{G+a) (anS + AcoB (F-j- o) aec S] gin 1', 

dx . 
when the unit of i is 1'"= 15 and j; i is to be found in seconds of time. 

3d. A term = -{-p, depending on a uniform change in the pointing of the telescope, 
which, however, is not supposed to exist to an amount sufficient to make — p t sensi- 
ble when / is < 3"". 
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INTEODDCTION. XIX 

The refiuction is constant, except from the minute change in the barometer and 
thermometer in a time less than 4 minutes, (and is therefore included in z) for all stars 
in the same declination, so that we have 

(5) ^ = _ ^ _I> cos (ff+a) ton 8 + A c« (ff+a) sec 8] «n V-\-p.- 

but p and ^ may he assumed insensible, and therefore 

(6) ^ = — [j coa (G+a) tan S + A cos (If+a) aec S] sio 1', 

ff and A being expressed in seconds of arc, and -j- in seconds of time. 
The zones were observed between Nov. 11th and Dec 12th, 1857. 
Takmg a = 5" 28" = 82° OC, for Nov. 12th, we have 



For the dates between Nov. 12th and Dec 12th, ^ has a less absolute value. If 
we make 

the maximum error will be less than 0:01. 

The next coefficient to be considered is j-, which includes 

Ist A term for the variation of — [/ + ^ sin (C + a) tan S + A sin (S" + a) sec 5] 
for a change in 5 = 1' 
(7) ~^' I>«'>(ff+<^) + A"'>(ff+«)"nS]s«»S. 

2d and 3d. Terms to include the correction due to the influence of refraction, 
which are two. 

1. If the AR. wires are adjusted so as to be at right angles with the apparent 
diurnal motion of a star at the point of observation, then, owing to the influence of 
refraction, the wires will be inclined to the hour circle bj a small angle, 

8 P= t ('-=^f-,Y -^ ^ = (y^) of Be«ei, A. N. No. 69. 
Vsin 1^+8/ tan ^ ooe 8 V*'' cos V 

where 

tan ^ ^ 1 . ^ ^ latitade. r ^ hour angle, positive when west. 

Under these circumstances the AB. wires are directed to a point P in the meridian, 
between the pole and the zenith. AP makes the angle hP with the hour circle, 
and stars east of meridian north of A cross the wires too late by the interval 

— , T- un 1'; 

15 cos 8 
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hence for the term of j- in question, we have 
(8) ■ sinl' Sf , ^ / coa^ Y 



tOD ^ C 



- in seconds of time, 



T and ^P being positive when the star is west, and negative when east of meridian, 
bat ^P is constant for the night, bo ^ as the influence of refraction is concwned, 
or till next determination of P. 

2. Again, when the AR wires have been adjusted perpendicular to the true diurnal 
motion, the northenunost stars transit east of meridian too late and west of meridian 
too early, relatively to those south of tiiem, because the latter, being nearer the hori- 
zon, are more refracted, and therefore brought nearer to the meridian by the interval 
(according to Bessel's formula) 

m *fninl' «»(^+8 + y) tanT..iD^ 

' ' 15 sin (^ + 8) WD (^ + 8') cw8co«&" 

from which we derive the term of -j- 



^ ' ~^'* Bin {^+8) Bin (>l>-\-Sf) coa8co«S' .„ 

or when 5 = 5' nearly 

.cos (^ ~{- 2 8) Un T sin ^ sin 1' 
sin* (f+S) cou* 8 l3~' 

T being negative when east of meridian. 
From the above we have 

^1 ^=:_?1^' [> do (C-|-a) + A Bin (ff+a) sin 5] 8«J S. 

^ ' ^15 \8in(^-|-8}/ tan0 

J, , sinl'. COS (^-1-25) , • , 31 

*^» + -i^- * ■ , T , ' I ■■ tan T Bin ^ sec' 8. 

15 sm' (^ + 8) 

For the interval covered by the zones, the first term of ^^ is largest on Dec. 12th. 
Gf + a = 58°35' ir+a = 90°4' 



log J =1.831 


log k 1.310 


(?+a = 9.9Sl 
8".S 1.262 


siD J7-I- a 0.000 
•in 8 9.000 


2. 0.310 
0. 3 1.309 


+ 2".0 = 0.310 


•o" S = 0.004 




in 1' 6.464 
7.71-1 




15 1.176 





Digitized by VjOOQIC 



INTRODUCTION. XZl 

including breadth of all four zones. _ 10 x 4 x 0.00040 = — 0M)16, which ia the 

g^reatest error to be feared from neglect of correction from apparent to mean place. 

The reduction of the differencea of declination may be effected by a similar process. 

Let » = The reading of the scale for a given star, which is so graduated and 

adjusted that s indicatee the number of minutes of declination by which the 

star ia north of the zero of the scale. 

£ s Declination of the star referred to the mean equinox at the beginning of the 

year, 1857.0. 
y = The correction to be applied to a, for a star at the origin of a zone * (^ ^ 0) 

and transiting at the zero of the scale. 
Then 

(12) 8^,+y+^(+lj:, + /.. 

g's ia a small correction for error in the assumed value of the divisions of the scale, 
to be ascertained from comparison of difference of declination of north and south 
stars. 

-^ includes 

1st. A term for the change of the correction to be applied to the apparent declina- 
tion of a star, to reduce it to the mean equinox, at the be^nning of the year. This 

- dv • 
term of ^y is 

(IS) Osin (G' + a) + A8iii{ff+a) sinS] X a« 15'. 

arc 15' ^ 15 X sin 1' nearly. 

2d. A term = + q, depending on a uniform rate of change of refraction from 
change of temperature or barometer, or in the pointing of the telescope in decli- 
nation, which may be neglected here. 

(14) ^=:|>sin (ff+a) + *am (i?+o) wn8] 15 ud 1'. 

For the interval between Nov. 11th and Dec. 12th, the maximum value of the term 
in the brackets is 20".3 (see p. xx), and if we neglect g, we find 

^ = 0".088. 
dt 

The greatest value of t is less than 3", hence the greatest value of ^ ( is < 0".26. 

-^ includes 

ai 

* See pago xriii, where Snail; transit of $ was taken for aero of L 
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1st. The variation of correction from apparent to mean equinox, depending on the 
change of 8, which gives the term 

(15) -I- [,• rin « — A CM (ir+ a) CM 8] rin 1'. 

2d. For the effect of refraction, giving the term 

«gv 1 i eJDV __!_ kBiaV_ 

^ ' "^ Bio (^+8) Bin (^"-f if) ^«in* (^+6) 

3d. For the influence of temperature on the scale, giving the term 

(17) +0".0062(e'' — 67*). 

Hence Uie complete value of -tj is 



(18) 



rfy_ 



$ being the temperature Fahrenheit 
But we have for limits of zones 

t8mS= —0.5 
— hcoa (J7+a)cM8= -j-9.6 

9.1 0.959 

Breadth of 4 EOoe8^40' 40Binl' 8.066 

0".106 = 9.025 

The maximum value of [i sin S — A cos (S+ a) cos S] sin 1' X 40 = + 0".106, so 
that (18) becomes 

^ = *"°y^^ + 0".0068 (^ — 67"). 

But it will be still better to include 1st term as a constant, botii in the correction of 
Right Ascension and Declination, since if we compute it for the middle of the inter- 
val between Nov. 11th and Dec. 12th, the values will be nearly correct for all the 
intermediate dates. 

The formulae adopted will be (1) (6) (11). 

In AR, 



for the present zones, so that the 2d term only is retained, for which we adopt the 
value given on p. xviii, (4). 
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V, ^ = — S5i; [j«n(C+.)+4,m(iJ+.)uiiJ]Mc'S, 

^15 sin* (^ + «) 

jl^, is the correction for zero of position through refractioa 

For the first term, we adopt the values as on p. xx, and for the sums of the second 
and tMrd terms we have, from the same page, 

A = 00 mm = 0:00000 

"=1 « =0.00075 

« = 2 « =0.0018* 

"=8 <* =0.00401 

The sign of l^t + Xf^ia the same as that of r, which is negative when the star is east 
of the meridian. 

Note. ^3 being constant for the night, should not be interpolated for each value of 
r on the same night, but ite value for t" = h at determination, should be used, so 
that a minute correction will be needed for the later observations of a night 

It will be BufSciently accurate to give ^7 to thousandths of a second, and we shall 
then obtfun the following values : — 

1857. HoDB AHOLK East. 

Nov. 12 f,:::— 0!00040 t= — OMH)- f.^- 



88 < 


080 


8 < 


40 


18 < 


100 




I 80 




140 




800 




280 




840 




r = — 800 


1 declination 







HODB ANGLE WitST. 






• 0!000 


r= + OV)0- 


y. 


,+*.= 


r + OWOO 


.000 


80 








.000 


jm 


040 








.000 


.001 


100 








.001 


Ml 


180 








.001 


.001 


140 








.001 


.008 


800 








.002 


.008 


820 








Mi 


.003 


2 40 








.008 


0.004 


r = + 300 






+ 


aoo4 



£ = Heui DedinBtion 1857.0, 

y = CoQsUnt conecticn, 

t ^ loterral from sero pcHnt of Zone, 

t ^ Reading of ecnle north of zero, 
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i'' = ? + C* «n (ff +«) +A ■"> (J''+») •>" 8] 15 sin 1' j j = 0, 
for which we may use the constant value for the present zones, token &om p. xxi, 

dt 
From p. xxii we have 

<r, + 0".0062 (fl° — 67"). 

For the present zones we may use a constant ^ 0".002 for the first term (p. xxii), 
and uniting this constant with the second term as on this p^e we have for the sum 
of the 1st and 2d terms 

Hour akqlb East or Wbst. Hodb angle East ob Wbst. 

T=0*00- (f, = + 0".037 T=2^- J, = + 0».044 

OSO JQSS 2 30 .049 

100 .089 8 00 +0 .058 
1 80 +0 .041 

A table for the laat term, (f,, ie given in ToL 1 of these Annals, p. xi, of Part II. 
On the next pages is given a summary of these resulte, together with those neces- 
sary for the more distant zones. 
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'.= 



i'> = 



SDHHABT OF RESULTS. 

+ 0".0062(tf*' — 67"). 

i BID 1' 
■»'(♦ + «)• 

[t Sin S — A COS (JT+s) cos 2] sin 1'. 

"TT" 1^ "° <" + ") +* "" (■''+") !» 8] sec <>. 

1' [t C f t , Y -^ •»■«]■ 
"■ \.dii(^ + S)/ Ui ■• 

sin 1' , cos (it + 2 «) ^ . , „ 
= -TT- * ■ «;, I t^ tan T Bin ^ sec »&. 
15 Bin •(^ + 8) 

= — Ooos {(?+«) tan 8 +A cos (5+«) Boc S] sia 1'. 
= + sin ((?+«> +A sin (if+a) sin 8] 15 sin 1'. 

=*'i + f,+*'r 
= *,+*, + *, 

TABLES OF BEDDCTION. 
Principal Zones. 



1857, Oct. 11 
Not. 11 



1864, Jan. n 
35 



0.118 


-0.113 


0.0003 


-1-0.0051 


-1-0.059 


.205 


.202 


.0003 


.0032 


.068 


.211 


.210 


.0008 


.0018 


.067 


.180 


.173 


.0003 


.0014 


.069 


.273 


.272 


.0003 


.0011 


.070 


.167 


.166 


.0003 


.0008 


.070 


.205 


.205 


.0003 


.0006 


.071 


.267 


.267 


.0003 


-H).oooi 


.072 


.279 


.282 


.0001 


—0.0036 


.028 


'0.198 


-0.202 


-0.0001 


—0.0039 


-1-0.030 


8Dpplenientai7 Zones. 








-0.136 


-0.188 


-0.0004 


-0.0019 


-H).08l 


M7 


.270 


.0004 


.0022 


.082 


.217 


.220 


.0004 


.0026 


.084 


.223 


.226 


.0004 


.0028 


.085 


.251 


.257 


.0004 


.0082 


.088 


.816 


J)21 


.0004 


.0046 


.096 
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1? =5 4- tin (G+a) +A «n (^+«) no S] 15 sin I'l ?=:0, 
for which we may use the constant value for the present zones, token from p. xxi, 
^=0".088 



From p. xsii we have 



^ ^ [i ain 8 — A COS (ff+ a) ooe fi] «d 1', 
, tnnl' 



d*, +0".0062(^ — e?-*). 

For the present zones we may use a constant = 0".002 for the first term (p. xxii), 
and uniting this constant with the second term as on this page we have for the sum 
of the Ist and 2d tenns 

HOTTB AMOLE EaBT OB WbBT. HoITB AVQLE EaST OB WkST. 

T = OS)0» d', = + 0".0S7 T = 2»00" <f, = + 0».044 

30 .0S8 2 30 .049 
100 .089 8 00 -1-0.058 

1 80 -1-0 .041 

A table for the last term, (f„ is given in VoL L of th«se Annals, p. xi, of Part n. 
On the next pages is ^ven a summary of these results, together with those neces- 
sary for the more distant zones. 
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■'1 = 



SDMMABT OF RESULTS. 

+ O",0O62(«» — 67°). 

t sia 1' 
<»■(♦ + «)■ 
[t sin £ — Acqs (^-f-a) CM S] Bio 1'. 



15 



[} iiD (e + a) + J sin (ir+a) «D 8] M<! ■!. 



I Ft. i COS ^ \* sinT ,,., 

.' [* I _ — - — i__ 1 sec '81. 

*■ VsiD (^ + 8)/ Ua ^ ■' 



') 



V.siii(* + 8), 

sin 1' , cos (^ + 2 8) ^ . , ,t 

= — =- « : , . tsn T sin li sec 'S. 

16 sin V + 8) 

=— Ooos ((? + a)tsn8+Aco8 (J?+ a) sec 8] sin 1'. 
= + [j sin ((?+«)+ A sin (^+a)sin8] 15 sin 1'. 
= *. + *'. + ''► 

TABLES OF EEDDCTION. 

PTiBcipal Zoaes. 



1857, Oct. 11 
No». 11 



12 

1864, Jan. 21 



22 
S5 



-0.118 
.265 
.211 
.180 
.273 
.167 
.205 
.267 
.279 

-0.198 



.272 
.166 



.267 
.282 



.217 
.223 
.251 
.816 



SapplemeBtary Zoaes. 

6 -0.188 

7 .270 
.220 
.226 
.257 
.921 



0.0003 


-fO-0051 


.0003 


.0032 


.0003 


.0018 


.0003 


.0014 


.0008 


.0011 


.0003 


.0008 


.0003 


.0006 


.0003 


-1-0.0004 


.0001 


—0.0036 


-0.0001 


—0.0039 


-0.0004 


-0.0019 


.0004 


.0023 


.0004 


.0026 


.0004 


.0028 


.0004 


.0032 


.0004 


.0046 



-)-0.059 



.069 
.070 
.070 
.071 
.073 



-1-0.01 



.082 
.084 
.085 
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19 
1864,J«n. 27 



.254 


.259 


.0005 


M53 


.106 


.260 


.265 


.0005 


.0052 


.107 


.143 


.148 


.0005 


.0051 


.108 


.217 


«2 


.0005 


M51 


.109 


.236 


.240 


.0001 


.0041 


.080 


.186 


.190 


.0001 


.0042 


.031 


.192 


.196 


Mm 


.0049 


.086 


.260 


.265 


.0002 


.0055 


.041 


.242 


.247 


.0002 


.0055 


.042 


.273 


.278 


.0002 


.0055 


.042 


.236 


.241 


.0002 


.0055 


.048 


.211 


.216 


jxm 


.0056 


.045 


.254 


.259 


.0002 


.0056 


.045 


0.217 


-0.222 


-OMOl 




+0.050 
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THE GREAT NEBULA OF ORION. 



ZoHC I. Oct 11, 18d7, r^-t-O" axr = 48° 



11.12 $8.75 +28 5/.I-I-O.4 +4(fll.3 
10.11 $4.64 4-0.4 $9 31.0 

10.11 67.47 +0.5 39 58.8 



Zone n. Oct. II, 1867. T=:+0^ 38" 6=:4»' 

D 67^84 +29' ^^64-0^4 +4(11078 

L 63.86 +0.4 39 31.8 

W 66.67 -p.S 39 59.4 



G 
H 
Q 



Zone m. Oct 11, 1S57. rsi+O' M- = 48' 



61.28 
6S.45 
59.19 
55.66 



+28 2.6+0.3 
--0.4 
--0.4 



+3^ 3.4 
38 15.0 
37 43.0 
37 8.4 



Zamt IT. Oct 11, 



T= + 0*M* 0=:t 



61.34 +28 1.3+0.8 +3^ 2.8 

62.51 - -0.4 38 14.8 

59.28 - -OA 37 42.7 

55.81 - -0.4 87 8.7 

63.89 - .0.5 38 27.9 



Zone T. Oct II, 1897. r:= + l^ •" = 



6 35 0.95 
86 1.20 
86 27.50 

86 30.30 

36 45.00 

87 1.30 
3719.65 

37 37.80 



—6 3644.88—0.00 — 1 



43.48 
43.16 

16.88 
14.07 
0.68 
16.98 
35.28 
53.43 
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A-, 
A-, 
A 
C 



Zone TL Oct 11, 1857. t=1^ 11" $ = ^' 

J Q TiunfiMd. 



6 39 61.05 

40 51.40 

41 17.70 
41 20.40 
41 35.05 

41 51.25 

42 27.90 



-6 41 34.47—0.00 —1 43.42 

-|- .00 — 43.07 

.00 —0 16.77 

-I- .01 —0 14.06 

+ .01 -U) 0.59 

4- .01 4-0 16.79 

-H>-01 +0 53.44 



Zone TU. Oct. n, 1867. r=!+l' W- tf=48» 



6 M 18.15 —ea 1.48-0.00 


_ 


-1 43.27 


U 18.25 


.00 


—0 43.17 


44 44.70 


.00 


—0 16.72 


44 47.40 


. 


- .1)1 


—0 14.01 


45 2.20 


- 


- .01 


- -0 0.79 


4518.80 


- 


- .(11 


- -0 16.89 


45 86.75 


- 


- .01 


- -0 35.34 


45 54.85 


-.0.01 


- -0 53.44 



Zone 4, Mot. 11, 18S7. t = -|-1^ 86- ^ = 94'' 



+29 52.9—0.7 
—1.4 



7 5 5.80 
5 46.00 
5 58.60 

7 6 27.60 



—2 24.16 
—1 43.46 
—1 30.86 



Zone ft, Not. li, 1857, t=+i^ 48- 0=w 



A-. 


11.12 


3 3^ +29 54.4—0.^ 


+8332.7 


7 16 44.20 


—7 19 8.48 .00 


—2 24.28 


A-, 


12 


8 11 


—1.4 


38 4.0 


17 25.10 


.00 


—1 43.38 


A 


11 


8 83 


—0.7 


38 26.7 


17 37.60 


.00 


—1 80.88 


C 


12 


1 29 


—0.3 


31 23.1 


18 6.55 


.00 


—1 1.93 


D 


10.11 


10 19 


—1.7 
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U" 


9 


8 58 —2.1 9 1.8 


24 8.86 




—01 


—0 28.77 


M'"=M" 


12 


10 6 —2.8 10 8.1 


24 8.90 




-m 


-« 28.72 


R"' 


12 


2 58 —0.6 8 2.8 


26 7.00 




.00 


+0 84.39 


T" 


6.7 


4 87 —1.0 441.4 


25 32.00 




M 


■ -0 69J9 


l" 


11.12 


8 15 —0.6 319.8 


5 2630.65 




.00 


- -1 58.04 
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APPEOXIMATE POSITIONS OF BMGHTEE STABS WITHIN 20f DEC. OF 
e ORIONIS. 



Siu'i NMne. 


f. 


1). 




f. 


V, 


A-, 


— 2"'24!26 


^ 


t-S^ S2''3 


H' 


— o"ll!67 


f 28 3l''0 


A-i 


—1 43.36 


-1-38 3.2 


W 


-fO 0.08 


-20 0.5 


A 


—130.88 


- -33 26.8 


(y 


--0 0.52 


-21 38.2 


B 


—1 8.38 


--32 51.6 


Q' 


--0 4.20 


■21 39.8 





—1 1.89 


- -31 21.9 


R' 


--0 9.49 


-28 12.5 


D 

E 
F 

a 


—0 48.18 
—0 37.24 
—0 35.08 
—0 16.79 


" 


[-4010.8 
-33 10.7 
-36 3.4 
-3814.2 


U' 


+014.50 
- ■O 24.92 
--025.94 


1-27 23.9 
-23 15.4 
-29 47.5 
-26 82.1 
-21 0.8 


H 


—014.02 


- 


-37 42.6 


+0 42.08 


I 


—0 13.09 


_ 


-35 9.1 








K 


—0 10.88 




-SI 6.0 


X'=M"M» 


+1 15.78 4-19 52.8 1 
-1-1 22.82 +23 48.0 | 


L 


--0 0.68 


. 


-39 32.0 


T' 


M 


- -0 4.02 


. 


-34 9.0 








N 


--0 4.26 


- 


-81 13.0 


A"_, 


—1 54.37 


1-14 47.4 








A" 


—1 38.86 


-16 10.0 





- 


-0 9.06 




-34 46.3 


B'^B"" 


—1 26.64 


-10 18.4 


P=S' 




-0 9.79 


. 


-30 11.2 


D" 


—1 1.62 


-14 62.4 


Q 




-016.88 


- 


-37 8.5 


E" 


—0 56.80 


-16 1.0 


B 




-018.68 




-31 5.5 








T 




-0 30.63 


- 


-83 0.4 


F" 


—0 48.90 


-18 49.8 






... 


G* 


— 48.23 


-11 14.8 


V 




-0 84.51 




-35 22.2 


H" 


—0 46 86 


-19 16.2 


V 




-035.28 


- 


-38 27.2 


I" 


— 45.85 


-15 48.1 


S='' 




-0 47.16 


- 


-36 22.1 


K" 


—0 36.47 n 


-18 48.9 


w 




-0 53.41 




-39 59.5 








X 




-1 0.06 


- 


-3154.9 


K». 


—0 85.96 


[-16 82.3 


T 
Z 
AA 




\-l 21.48 
-1 26.16 
-I 52.01 


- 


h35 51.0 
-36 57.0 
-33 9.0 


L" 
M»=M"' 


—0 30.99 
-0 23.76 
—0 20.64 


-18 12.8 
-10 7.9 
-12 65.8 


BB 




-2 22.28 


- 


-3836.4 


P" 


—0 16.10 


-18 4.3 


A'_» 


—2 27.22 


_| 


h27 347 


Q" 


—0 10.57 H 


-18 1.6 


A'-, 


—2 20.03 


. 


-28 31.4 


E" 


—0 6.35 


-15 27.0 


A'_, 


—2 9.14 


. 


n22 31.0 


V"=V 


—0 0.38 


■20 16.0 


A' 


—1 51.97 


. 


■21 46.6 


Y" 


4-0 6.50 
4-0 7.99 


-18 25.0 


B' 


—1 23.02 


- 


■26 32.0 


Z" 


-12 36.1 


C'=C" 


—1 5.29 


, 


h20 14.0 


A"A" 


. 


-0 10.06 


-15 46.6 


ly 


—0 51.50 


, 


-21 6.4 


B"B" 


_ 


-0 10.08 


-18 21.5 


E' 


—0 33.04 


_ 


■24 50.4 


C"C" 


_ 


-0 12.26 


-17 4.4 


F' 


—0 26.69 


. 


-24 32.3 


E"E" 


. 


-0 15.07 


-18 9.6 


G'=(y 


—0 20.42 


■ 


-20 5.6 


G-G- 


■ 


-0 16.59 


-12 12.7 
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Slar-iNuiM. 


t. 


"h 


Stai'.NuM. 


i. 


% 


H"H" 


- ^25A5 


-15 14.'0 


K™ 


— o"85!l5 


-5 & 


1"I" 


- -0 84.30 


-14 54.1 


1/" 


—0 28.75 4-9 IJ 1 


K"K" 


- -0 53.42 


-15 41.5 








L"L" 


. 


-1 10.86 


hl9 6.7 


N'" 


—0 2.45 


- a 46.6 


M"N" 


. 


-1 22.01 


-15 4.3 


0" 


- .0 0.72 


- 4 8.3 








P"=I>»D" 


- J) 13.98 


-10 28.9 


0"0» 


-1-1 32.20 4-14 41.7 
4-2 4.15 4-11 2'-5 


Q"=F"P' 


- -0 15.53 


-10 16.0 


jp»p» 


E»' 


- -0 34.43 


- 3 0.4 


A"' 


—2 10.73 


1- 8 17.2 


S™ 


- -0 S8Ji3 


- 5 45.8 


C" 


—1 20.52 


. 6 45.3 


T™ 


- -0 43.57 


- 3 29.8 


jy» 


—1 20.28 


. 4 15.6 


D'" 


--0 50.99 


- 1 31.4 


E"' 


—1 1.43 


- 6 14.3 


V" 


- -0 59.51 


- 4 41.5 


p" 


—0 59.09 


- 6 23.1 


W" 


- 


-1 15.44 


- 032.5 


G'" 


—055.60 


1- 4 12.0 


X"' 


4-1 46.68 4- 7 15.7 
4-1 58.16 4- 3 18.0 


H'" 


—0 41.79 


- 18.8 


T'" 


I" 


—0 40.50 


- 1 37.0 
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SECTION I. PART III. 



EQUATIONS OP CONDITION. 



I, Dec. odIj. 



-t-0.5=D— (I) 
-1.0=L-(lS 
— 0.7=W— (I) 



II, Deo. onl/. 



i"o=D —(II) 
l.2=L _fll) 
1.1=W— (II) 



0.0=D 
—0. 
—0. 



Ill, Dec only. 



-|-0.2=A_,— (HI) 
+0.8=0 —(III) 
-|-0.4=H —(III) 
— 0.1=Q —(III) 



IV, Dec only. 

— o;'4=JL,. 



fc=JC-(IT) 



V, AE. only. 

— o!o7=A_,— O 
— 0.05=D . 
— 0.09=G . 
— 0.05=H —(V) 
— 0.05=L —(V) 
-|-0.05=Q — ?V) 



--^ 



o.oo=v 

+0.02=W 



Vr, AR. only. 

— olofc^A.,— (VI) 
-l-0.06=D —(VI) 
4-0.02=G —(VI) 
— 0.04=H —(VI) 
— 0.09=L —{VI) 
— 0.09=Q —(VI) 
-f-0.03=W —(VI) 

VII, AR. only. 

+o!o9=A_,— (VII) 
— 0.0*=D —(VII) 
+0.07— G — (VU) 



--0.01=H —(VII) 
--O.II=L —(VII) 
--0.01=Q —(VII) 
--0.06=V —(VII) 
- -0.03=W —(VII) 



+0.I0=A_^(4) —0.1 

— 0.10=A_,— (4) +0.3 

-j-0.02=A —(4) —0.6 

+0.08=0 —(4) +0.7 



— 0.02=A_^(5) +0.4 

— 0.02=A_,— (5) -U.8 

0.00=A —(5) —0.1 

— 0.04=C —(5) +1.2 

— 0.0^D —{5) 4-0.9 

— 0.05=F —(5) +1.0 
+0.07=6 —(5) 

+0.05=K —(5) —0.8 

— 0.05=Q —(5) —0.2 



+0.08=A..^(6) —0.6 

-|-0-08=A_,— (6) —0.2 

— 0.05=A —(6) +1.0 

+Oi»fl=C —(6) +0.2 

4-0.06=D —(6) —0.1 

-1-0.11=F —(6) +1.0 

0.00=K —(6) —0.8 

0.00=Q —{6) —0.2 

+0.03=W —{6) +0.4 

4-0.05=Y —(G) +0.6 

-i-0.l2=Z —(6) +0.4 

7. 



— 4).03=A_r-(7) +1.6 

— O.I8=A_,— <7) 4-1.0 

— O.Oft=A —(7) -H).2 

0.00=C —{7) —0.6 

+0.05=D —(7) —1.8 

0.00=F —(7) +0.2 

+0.04=K —(7) Xo.i 

-|-0.04=Q —{7) 4-1.0 

— 0.03=W —(7) +0.6 



— O.0G=T —(7) -1-0.8 

— 0.09=Z —(7) +'■« 

0.00=BB— (7) 0.0 



0.00=C —(8) —1.1 

— O.IO=D —(8) —0.8 

— 0.05=E —(8) +0.9 

— 0.05=F —{8) —1.8 

— 0.01=K —(8) +0.9 



0.00=C —(9) 0.0 

+0.05=D —(9) +1.8 

0.00=E —(9) +1-0 

— 0.05=F —(9) —0.2 

— 0.01=K: —(9) 0.0 

10. 

— 0.09=C —(10) — o"5 
-)-0.07=D— (10) —1.7 
— 0.02=G —(10)" —0.8 
— 0.09=H— (I0)« —1.1 
-1-0.07=1 —(10)* +1.8 
-H'.05=K— (10) +0-5 

11, AR. only. 

— 0'09=C —(11) 
— 0.08=D— (11) 
— 0.22=G— (11)» 
— 0.09=H— (ll)» 
—0.13=1 —(11)* 
+0.05=K— (11) 

18. 

- -otoa=c —(12) 

--0.14=D— (l"' 
--0.05=G- 
--0.28=H— (12)« +1.0 

- -0.04=1 — (12)* -0.1 
— 0.03=K— (12) 



:— (12) +0.6 
3- (12) 4-0.4 
3— (12)« 4-1.4 
3_(12\« -^1.0 



13. 

+o!o4=A_^(lS) —0% 
-H>.19=A_r-(13) — I.l 



n the eqoatlon G>t AB. bu hmlf weight 
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-(IS) 
-(IS) 
-(13) 
-(13) 
-(13) 
-(13) 
-(13) 
-(13) 
-(13) 



— 0.04=A 
4-0.03=0 
— 0.04=D 
— 0.04=F 
-H'.02=K 

0.00=L 
-f-0.05=q 
— 0.08=W 

0.00=Y 

14. 

— o!l8=A.^(14) 
— 0.03=A.,— (14) 
-|-0.04=A —(14) 
4-0.01=0 —(14) 
4-0.01=E —(14) 
— fl.01=F —(14) 
4-O.03=H —(14) 
4-0.03= L —(14) 
-|-0.08=Q —(14) 
0.00=W —(14) 
— 0.02=T — (I4) 

19. 

-|-o!ll=F - 

— 0.03=G . 

—0.03=1 . 

— 0.03=K - 

— 0.02=N - 

— 0.05=P . 

4-0.01=R . 

le. 

o'oO=F . 
-1-0.1 6=G . 

4-0.01=1 . 

— 04=K . 

-f.0.02=N . 

— 0.01=P . 

0.00=R • 

1?. 



-(15) 
-(16) 
-hi)' 
-(15) 
-(15) 
-(15) 
-(15) 



-(16) 
-(16)« 
-(16) 
-(16) 
-16) 
-(16) 
-(16) 



0.0 

—1.1 

—0.5 
—0.3 



^:? 



-1-o.s 

—0.9 
— 0.S 
-1-0.5 
—0.5 



— 0^ 
—0.4 



0.(Kfc=F —(17) 

-|-0.01=G —a 7)" 

4-0.02=1 —(17) 

-|-0.01=K —(17) 

— 0.08=N —(17) 

— 0.01=;P —(17) 

0.00=R —(17) 

18. 

— o!oi=K —(18) 

—0.01=81 —(18) 

— 0.03=Q —(18) 

— 0.12=T —(18) 

— 0.08=V — (18)» 



0.0 
+0.3 



— o.o4=k: ■ 

-U).06=M - 
-j-0.07=O ■ 
— 0.03=U - 
-|-0.02=V, - 

SI. 

-|-o!02=K - 
— 0.08=M • 
—0.07=0 . 
+O.OS=U . 
— 0.02=V, - 



-(19) —0.3 

-(19) -|-0-2 

-(19) -1-0.2 

-(19) 0.0 

-(19) -t-O.S 



-(20) +0.1 
-(20) —0.4 
-(20) -1-0.2 



-(21) -1-0.2 

-(21) —0.2 

-(21) —0.2 

-(21)» —0.2 



— 0.01=Q —(22) —0.7 
— 0.11=V — (22) 

- -O.OI=W —(22) 
--0.05=Y —(22) 
--0.07=Z —(22) 

- -0-07=AA— (22) 



tS:? 



— 0.01=Q 

t0.04=V 
O.Ol=W —^23' 
0.00=Y —(23' 
— 0.08=Z —(23' 
— 0J)3=AA— (23; 

S4. 



+0.07=A - 

— 0.08=B - 

— 0.01=C - 

— 0.11=E' - 

— 0.01=F' - 

— 0.02=K - 

0.00=T' - 

— 0.16=X - 



(23) -fO.2 
(23) —0.7 



+o!oS=A 

-U).OS=B ■ 

-U.05=C ■ 

0.00=E' ■ 

— 0.05=F' - 
— 0.06=K 

-|-0.03=M - 



-(24) —1.1 

-(24) +1.0 

.(24) —0.7 

-(24) —1.0 

-(24) -fO.3 



-(25) 0.0 
_(25) -(-0.3 



-(25) -t-O.l 
-(25) 4-0.2 
-(25) _0.8 



+0.06=T' —(25) 0.0 
4-0.15=X —(25) —0.7 

86. 

o!oO=A — (2G) +l'i 

+O.Ofl=B' —(26) 4-0.1 

4-0.02=0 —(26) -fl.3 

+0.07=E' —(26) -i-2.0 

— 0.03=F' —(26) 

-W).01=K — (26) 

-}-0.03=T' —(26) 
— 0.03=AA— (26) 



E 



-)-0.03=A —(27) —0.9 

— 0.07=B' —(27) -1-0.1 

-(-0.03=B —(27) 4-0.4 

0.00=C —(27) 4-0.3 

+0.04=E —(27) —1.7 

4-0.10=N —(27) -1-0.3 

-t-0J)2=P —(27) -1-0.3 

IS! fe, Dec odIj. 

— o!2=H'— (27h) 
— 0-6=K —(27 b) 
-)-0.3=R' —(27 h) 
-|-0.1=T' —(27 b) 
— 0.9=V' —(27 b) 



27 e, Dec oalj. 



- -0.8=H' —(27 e) 

- -0.4=K —(27 o) 

- -0.3=R' —(27 c) 

- -0-l=T' —(27 c) 

- -ai=V —(27 c) 



+0.4=K —(27 d) 
— 0.6=N —(27 d) 
-|-0.1=T' —(27 d) 
0.0=v'. —(27 d) 
+1.4=X —{27 d) 



S7 e, Dec onlj. 

■U)'.l=K —(27 e) 
4-0.S=N —(27 e) 
4-0.1=T' —(27 e) 
— 0.6=X —(27 e) 

88 a. 

— o!l6=H'— (28 ■) — 1''2 

— 0.10=K —(28 a) —1.5 

-fO.08=R' — (28 a) -0.6 

— 0.02=T' — (28 a) +0.1 

-t-O.03=V' — (28 a) —1.8 
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27 



KS fe, AR. 011I7. 




31. 






41. 


— o!ll=H'— (28 b) 




— fl!oi=A'.^— (34) 


0.0 


— o!lO=H'— (41) +0"9 


0.00=K —(28 b) 




— O.0S=A'_ 


-(34) 


—0.6 


— 0.06=P— (41) - 


-2.5 


_0.fi7=R' —(28 b) 




--0.02=C 


-(34) 


—0.2 


— 0.02=T'— (41) +0.1 1 


_0.02=T' —(28 b) 




- .fl.08=D' 


-(34) 


+0.3 


— 0.06=V'— (41) ^ 


-2,2 


+0.03=V' —(28 b) 




- -0.11=E' 


-(34) 


^.2 








— 0.04=F' 


-(84) 


0.0 


4& 


29. 




0.00=M' 


—(84) 


—0.6 




— o!05=K —(20) 


—0.5 


+«.07=T' 
— 0.05=W' 


-(84) 
—(34) 


0.0 
—0.5 


+0.01=F' — (42) 
4-0.04=G'— (42) —1.8 


4-0.01=N —(29) 
— 0.02=T' —(29) 


--0.4 
--0.1 


—J}.04=Y' 


-(84) 


+0J 


—0.05=0'— (42)" +1.4 
+0.02=0'- (42) 4-0-8 


— 0.14=X —(29) 


-^.5 


85. 






0.00=D'— (42) 0.0 


30. 




— o!o8=A'_, 


-(35) 


+o'i 


-(-0.04=W'— (42) —0.6 
-H).04=X'— (42) -4-0.1 
— 0.05=Y'— (42) -i-1.3 




— 0.02=A'_,— (S.")) 


—0.4 


o'0O=K —(30) 


+L5 


-J-0.10=A'_ 
-|-0.03=A' 


-(35) 


—0.1 




— 0.04=N —(30) 


--OJi 


-(35) 


—0.6 


43. 


— 0.02=T —(30) 
+0.06=X —(30) 


--0.1 
—0.5 


— 0.03=B' 
S6. 


-(35) 


+0.4 


-)-o!o5=F'— (4S) — o"l 
— O.02=G'— (48) —0.7 
—0.01=0- —(48) —1.5 


31. 




-l-otoi=A'_, 
4-0.02=A'_ 


—(36) 


— o"8 


-(-0.11=0'— (43)" —01 


-)-o'o9=A'_4— (31) 
4-0.06=A'_,— (31) 
— 0.05=A' —(31) 
+O.0fc=B' —(31) 


0% 


—(36) 


--0.3 


— 0.01=U'— (43) 0.0 


-|-1,1 


— 0.01=A'_ 


-(36) 


--0.6 


-|-0.03=W'— (43) —0.5 


--0.6 
--0.6 


-H>.02=A' 
-|-0.01=B' 


-(36) 
-(36) 


-0.9 


— 0.07=X'— (43) 4-0.2 
— 0.01=Y'— (48) 4-0.4 


— 0.03=C —(31) 
— 0.02=D' —(31) 
— 0.04=E' —(31) 


0.0 


37. 






44, Df c only. 






.0.02=C 


-(37) 


M 


— rf'2=A' 


— 0.04t=F' —(31) 


—0.5 




4I.03=D' 


-(37) 


+OJi 


— 0.8=A' 


-f0.09=H' —(31) 






.0.06=E' 


—(37) 


0.0 


-H).7=A 
— 0.3=B' 


0.00=M' —(31) 


+0.1 




.0.01=F' 


-(87) 


—0.8 


-|-0.02=T' —(31) 


—1.8 


— 0.05=G' 


—(87) 


+1.5 


4-o.i=o 


0.00=W' —(31) 


tJI 


+0.04=H' 


—(37) 


—0.1 


-(-0.06=Y' —(31) 


— o.o3=r 


-(87) 


+0.1 


88, Dec. only. 




38, 






45. 

-U)!o6=F' — (45) —1.0 
0.00=L' —(45) 0.0 


— 0'4=A'_,— (32) 


— o!o7=C' 


-(38) 


— o"5 


—1.0= A'. 


,-(82) 


+0.04=0' 


-(38) 


—1.0 


— 0.09=T' —(45) +0.1 
-(-0.04=W'— (45) 4-0.6 


— 1.5=rA' 


-(82) 


— 0.08=E' 


-(38) 


--0.5 


— 0.6=E' 


-(82) 


+0.02=F» 


-(38) 


--0.6 


— 0.4=F' 


—(32) 


- -0.01=G' 


-(88) 


--1.0 


44, D«c 011I7. 


0.0=M' 


-(32) 


- J).0.5=H' 


-(38) 


—0.6 




+0..'>=T' 
4-0.1:=W' 


-(32) 
— (32) 


— 0.02— T' 


-(88) 


+0.6 


0.0=F' —(46) 
0.0=1/ —(46) 


— 0.9^Y' 


-U 


3>. 






— 0.9=T —(40) 


33. 


+o'05=H' 
-i-0.09=P 


-(39) 
-(39)' 


+o!9 
--1.5 


— 1.4=W— (46) 
47. 


— o!oi=A'_,— (33) 
— 0.09=A'_,— (33) 


--0.6 


— 0.02=T' 
_«.06=V 


-(39). 
-(39) 


-.0.1 
--1.2 


-)-o!ll=F —(47) -1-0^1 
0.00=L' —(47) 0.0 


— 0.03=C' —(S3) 
-|-0.03=D' —(33) 


--1.0 
—0.6 


40. 






4-0.11=T —(47) +2.2 
-i-0.24=W— (47) 4-1-7 


~fl.04=E' —(33) 


0.0 


— o!o5=H' 


—(40) 


— o"i 


-|-O.OI=F' —(33) 


--0.2 


+0.0»=P 


-(40) 


—0.5 


48. 


_0.01=M' —(33) 


--0.6 


— o.o2=r 


— (40)« 


+0.1 




— 0.03=T' —(33) 


--0.1 


+0.04=V' 


-(40) 


-0.8 


— o!l6=F' —(48) o!o 



Digitized by VjOOQIC 



THE GREAT NEBULA OF ORION. 



0.00=L' 
— 0.09=T' 
— 0.11='W' 

- -o!oi=c - 

- -)i.oi=iy - 

- -0.13=1" - 

- -0.05=F' - 

- -0.03=R'' - 
0.00=1/ - 

- -0.08=I''I" - 
--0.09=W' - 

- -0.06=L"L"- 

- -0.04= Y' - 

SO, 

-f-o!ii=c - 

+0.11=0' - 
0.00=F' - 
— 0.02=R'' - 
0.00=1/ - 
— 0.02=I''I'' - 
— 0.01=W' - 
-|-0.16=L''L'*- 
4-0.O4=T' - 

51. 

-|-0?01=C - 

—0.18=1/ - 

—0.07=1" - 

— 0.10=P - 

+0.1 8=R" - 

0.00=L' - 
— 0.10=E''E"- 

— o.ia^ri" - 

— 0.16=W' - 
— 0.09— L'T"- 

+0.05=Y' - 

5ft. 

-l-o!oi=c - 

+0.02=D'- - 
—0.02=1" - 
4-0.1 0=F' - 
— 0.07=R" - 

0.00=1/ - 
— 0.04=E"E"- 
+0.08=1''I" - 
— 0.11=W - 
— 0.04=L"L''- 

0.00=Y' - 

53. 



-(48) 0.0 
_(48) —0.9 
-(48) —2.4 



-(49^ +1.9 

-(4D) —0.7 

-(49) -1-0.7 

.(49) +1.7 

-(49) 0.0 

f49) " " 



49) 



1.0 



1.5 



-(49! 
.(49) 
-(49) +0. 



.(50) —0.1 

.(60) +0.3 

.(50) —1.3 

-(50) 0.0 

.(50) 0.0 

(50) 0.0 

(50) —0.5 

.(50) —1.4 

(50) —2.8 



-(51) 0.0 

-(51) +0.4 

.(51) —0.2 

.(51) —1.3 

.(51) +0.1 

.(51) " " 



— o.< 



.(51) 

(41) 
.(51) 

(51) —0.4 
.(51) +0.8 



4-1.0 
4-2.4 
—0.2 



.(52) 
-(521 
-(52) 
-(52) 
-(52) 
-(52) 
-(52) -fO. 
-(52) - -1.1 
-(52) --0.6 
-(52) +0.6 
.(52) —0.7 



0.0 



— 0.03=I>' 
—0.02=1" 
— 0.0I=K" 
-f0.02=P" 
—0.11=0" 

H. 

-)-o'o7=C' 
-|-0.09=E" 
— 0.02=l>' 
—0.01=1" 
— 0.05=K" 
-|-0.03=P' 
—0.10=0" 



_(53) —0.1 

_(53) —0.6 

—(53) -4-0.9 

_(53) —0.3 

—(53) —0.6 



_(54) —0.3 

_(54) -1-0.6 

—(54) - -0.1 

—(54) - -0.6 

_(54) -1-0.1 

-(54) -0.1 

—(54) —0.4 



ftfi. 

— 0.02=C —(55) 

0.00=H'' —(55) 

-|-0.03=L" —(55) 

— 0.01=P" —(55) 

5«. 

— o!o2=C —(56) 

0.00=H" —(56) 

-f0.23=I/' —(56) 

— O.01=P" —(56) 



&7. 

— o!l9=0' 
-)-0.02=F" 
— 0.11=K" 
— 0.06=G' 
0.00=1/ 



ft 



ft 



-(57) 
-57) 
-57) 
-^571 
-(57) 



68. 

— o!o4=C —(58) 

— 0.03=F" —(58) 

-f-0.09=K" —(58) 

-|-0.09=G' —(58) 

0.00=L' —(58) 

S». 

— o'o7=C —(59) 

— 0.08=0" — (59)» 

-1-0.10=1" -(59) 

-M).05=E" -(59) 
-|-0.09=A''A"— (59) 
— 0.01=C"0"— (59) 

0.00=1"I" —(59) 



—0.6 

—0.6 

0.0 



—0.1 
-1-0.6 
—0.2 
0.0 
—0.7 

ft? 



0.00=K," - 
-1-0.1 4=R" - 
+0.03=A"A"- 
— 0.12=C"C"- 
-1-0.1 4=I"I" - 

61. 

— o!o4=C - 
— 0.12=E" - 
— 0.02=R'' - 
0.00=D'' - 
— 0.24=E"E"- 
— 0.03=N"N"- 
— 0.17=O"O"- 



■(60) 0.0 
.(60) -1-0.6 



.(60) —0.2 
.(60) -)-0.6 



(61) -1.1 

(61) —0.1 

(61) —0.9 

(61) 0.0 

(61) —2.1 

.(61) 0.0 

.(61) 4-0.6 



-|-0.06=C 
=E" 



-(62) 
_(62) 



_(58) -1-0.5 
_(53) 4-0.4 



— 0.03=C —(60) —0.5 
-|-0.01=D" — (60)» 4-0.2 
—0.11=1" —(60) -1-0.4 



— 0.02=R'' — (62)» —0.9 

0.00=L' —(62) 0.0 

— 0.04=E"E"— (62) —1.1 

— 0.08=N"N"— (62) —1.0 

-|-0.03=O"O"— (62) +1.6 

63. 

-J-o!o6=C' —(63) — o'fi 

-|-0.09=K'' —(63) —0.1 

— 0.18=L" —(63) —0.3 

-1-0.05=0' —(63) 0.0 

—0.13=0' — (63)« —0.6 

— 0.08=L"L"— (63) —0.9 

— 0.05=Y' — (63) -1-0.8 

— o'03=F' —(64) o"o 

-1-0.19=0" —(64) 4-0.7 

0.00=1/ —(64) 0.0 

+0.17=C"C"— (64) 0.0 

-|-0.20=E"E"— (64) +1.7 

65. 

— o!o3=P" —(65) d'o 

-1-0.04=0" —(65) -M).7 

0.00=L' —(65) 0.0 

— 0.03=(?'C"— (65) 0.0 

-|-0.15=E"E''— (65) —0.3 

66, AR. only. 
— o!o3=P" —(66) 
-1-0.09=0" — (B6) 
0.00=L' —(66) 
-4-0.07=C"Cr'— (66)» 
-|-0.05=E"E"— (66) 



Digitized by CjOOQIC 



I OBEAT tnatXTLA. OW OBION. 



07. 

-U)!05=R" -(67) -1-0^4 

-|-0.14=Y'' -(67) 0.0 

— 0.04=B"B" —(67) —0.4 

— 0.04=W' —(67) -0.5 

68. 

— o!o3=R" -(68) -OJB 

— 0.!4=Y" —{68) 0.0 

-|-0.03=B''B"-(68) -t-0.5 

-1-0.03= W -(68) +0.4 

69, I>ec. onlj. 

-fo''5=K" -(69) 
-0.4=R'' - (69) 
0.0=iA"A"-(69) 
-0.4=H"H"-(69) 
-1.4=1''I" —(69) 
-^-l.I=K''K"-(69) 



-0.12=R" -(72) -(-0.4 

-0.05=F"F'* -(72) -^1.3 

-0.02=1"V -(72) -0.6 

-\-0.06=V'U' - (72) -1-0.2 

-|-0.03=O"O" - (72) 0.0 

-0.02=P"P" - (72) -0.3 



76, Dec only. 



-0.3=N" -(70) 
-0.2=R" -(70) 
+1.2=A"A" -(70) 
-0.2=H"H"-{70) 
-0.2=I"I" -(70) 
+0.3=K"K"-(70) 



71b. 

o!oO=R" - 
-0.16=A"A" - 
-0.05=H''H" - 
— 0.05=I"I" - 
-0.02=K"K'' - 
+0.04=N'*N'' - 
-0.05=fyO" - 

71 a, AR. m\y. 

-|-o!o5=R'' - 
4-0.04==A"A" - 
-|-0.05=H''H"- 
O.00=l"l" - 
-0.02=K"K"- 
— 0.0l3=N"N"- 

-o.iOr=<yo" - 

78. 



0.00=A"_, -(72) 
— 0.01=A" -(72) +0.1 



(71 1-) 
(71 b) 
(71 b) 

(71 b: 

(71 b) 



(71 a) 
(71 a) 
(71 a) 
■{71 aj 

(71 4 
(71 a) 
(71 a) 



-0.2 

-1-0.6 



+'^-* 



0.0 



-j-0.02=B" 
-1-0.03=E" 
—0.02=1" 
-0.01=M'' 

-|-0.07=N" 



-(72) 
-(72) +0.2 
-(72) -0.8 
-(72) +0.4 
-(72) 




74. 

-o'lO=A''_, - 
-0.1 I=A" - 
-0.08=8" - 
— 0.07=E" - 
-0.02=1" - 
-0.06=M" - 
-0.03=N" - 
-0.02=R" - 
-0.05=F"F'' - 
-0.02=1"!'' - 
-W(.02=L''L'' - 
4-0.1 3=(rO" - 
4-0.08=P"P"- 



(74) -0.2 

(74) 0.0 

.(745 +2-6 

(74) -j-O.I 

(74) 0.0 

.(7i) +0.2 

(74) --0-* 

(74) - -0.2 

(74) +1.1 

(74) _0.8 

(74) 0.0 

(74) -0.2 

(74) -0.5 




77. 

-o!oi=M'' -(77) 
-0.13=N'' -(77) 
0.00=U" -(77) 
+0.05=P'" -(77) 
-0.15=0'" -(77) 
-0.04=K"K"-(77) 

78. 

-l-o!l8=M" 
-j-0.06=N" 
0.00=U" 
+0.1 4=F" 
4-0.09=0'" 
-|-0.10=K"K''-(78) 

79. 



-(78) 
-(78) 
-(78) 

-(78) 
(78) 



0.00=G"G' 
+0.02=L"L' 
4-0.10=X' 



- -0.02=A'" - 
--0.20=A"_i ■ 

- -0.18=6" - 

- -0.16=0'" - 

- -0.1 2=E'" - 
-0.02=F'" - 
-|-0.04=L'" - 

0.00=M'" - 
— 0.04=P"' ■ 
+0.16=0"' - 
4-0.06=8'" ■ 
-|-0.I3=V'" - 
-0.03=N"N"- 
-0.07=O"O" - 
-0.11=P"P" - 



-|-0.05=A'" - 

-0.01=A''_, - 

+O.Ol=B" - 

-0.06=C™ - 

-0.05=E'" - 

-|-0.06=F"' - 

4-0.02=1/" - 

-0.02=M"' - 

-0.11=P« - 

-0.01=0"' - 

-0.01=S"' - 

-|-0.01=V'" - 

4-0.06=N"N" - 

4-0.07=O"O" - 

-0.03=F'P' - 

81, 

-o!o3=A"' 
-0.09=0'" 
-0.13=D"' 
-0.06=G'" 



(79) -1.4 

(79) -1-0.2 

.(79) -0.9 

.(79) -0.2 

(79) -1.1 

.(79) -0.9 

.(79) -0.5 

■ (79) -0.4 

.(79) -fo.e 

.(79) -0.4 

.(79) -1-0.5 

.(79) 4-1.0 

(79) -0.5 

(79) -0.8 

(79) 0.0 



■ (80) -0.9 
(80) —0.3 
(80) -1.4 

■ (80) -0.7 

■ (80) -1-0.4 
.(80) -0.5 
.(80) 0.0 

(80) -0.9 

(80) +1.1 

■(80) -0.9 

(80) -1.0 

■(80) -1-0.5 

■(80) 0.0 

.(80) -0.3 

(80) -1-0.5 



-(81) -0.2 
_(81)« +1.0 
-(81)- -1-1.1 
-(81) -0.2 



Digitized by CjOOQIC 



30 








THE OltSAT NEBULA OF OBION. 






S«ct.l. 


F»itin. 


-0J2=H"' 


-(81) 


-OA 


+o!o3=V"' 
-|-0.13=Y»' 


-(84) 


-o'i 


•e. 






-0.16=1'" 


-<81 


-1.8 


-(84) 


-0.6 


-fo!o3=H"' 


-(92) -I 


-1.& 


-0.08=0" 


-(81) 


-0.5 








-0.01=1"" 


-(92) - 


-1.9 


-O.0i=R'" 


-(81) 


-0.3 


85. 






+0.04=M"' 


-(92) - 


-0.2 


-0.08=1™ 


-(81) 


+0.3 






+<& 








0.00=U'" 


-(81) 


0.0 


+o'04=M"' 


-(85)' 


«, 






0.00= W" 


-(81) 


0.0 


-0.03=N" 


-(85) 


-0.7 








-t-0.08=Y'" 


-(81) 


-0.9 


0.00=U" 


-(85) 


0.0 


-4-0.05=1"* 
-0.10=K"' 


-(93) H 
-(93) - 


-0.4 
-0.3 


82. 






80. 






-f0.10=N"' 
-0.02=0" 


-(93) H 
-(93) - 


-0.4 
-1.6 


-o'l2=A"' 
+0.02=(?" 


= g§. 


^i 


+o!o4=M"' 
+0.07=N" 


-(86)' 
-(86) 


tft 


H. 






- -o.o8=iy" 

-|-0.10=G" 


-(82)« 


-1.4 

+0.3 


0.00=U" 


-(86) 


0.0 


+0?04=I'" 
-f0.09=K* 


-(94) -i-o':? 

-(94) -0.4 


-O.0I=H^' 


-(82) 


-1.8 


87. 






-O.U=N'" 


—(94)' - 


-0.3 


" 


-O.Oa=r" 
-0.08=0™ 


-(82) 
-(82) 


-1.3 
-1.0 


-o!o6=M"' 


-(87)' 


tt 


+0.02=0" 


-(94) +0.9 




-0.07=R"' 


-(82) 


-1.8 


-0.13=N" 


-(87) 


M. 






- 


-0.08=1"' 


-(82) 


-0.3 


0.00=U" 


-(87) 


0.0 




„ 














+otlO=A»' 


-(95) +2.0 1 


83. 






8a 






- 


-0.06=D"' 


-(95) - 


-0.4 


.^o!oS=A"' 
-0.10=B" 


-(8.1) 
-(83) 


-I.O 


+o'o9=M"' 
-|-0.02=N" 


-(88)' 
-(881 


tt 


- -0.06=E"' 

- -0.02=F"' 
-0.03=1" 


-(96) -1-0.4 ■ 
-(95) -1-0.6 
-(9.5) -0.1 


-0.02=C" 


-(83) 


-0.3 


0.00=U" 


-(88) 


0.0 


+0.03=M" 
4-0.01=0" 


-(9.5) 


0.0 


-0.01=E'" 


-(83) 


-0.2 








-(95) 


0,0 


— 0.04=L"' 


-88) 


+0.5 


8*. 






-0.01=0" 


-(95) - 


-1.1 


-0.03=M"' 
+0.08=0"' 


-0.4 
-0.4 


-o!o7=H'' 


-(89) 


-o'i 


0.00=R" 
-0.03=V" 


-(95) +1.2 
-(95) -0.3 


-o.o;=S'» 

-0.10=V'" 


zm 


+0.5 
-1.0 


+0.09^1"' 
-|-0.04=M"' 


-(89) 
-(89) 


0.0 
+0.2 


0.00=X" 
— 0.03=Y" 


-(95)' 0.0 
-(95) +1.6 


-0.10=T"' 


-m 


-1.2 
















W. 






M. 






84. 






- -o!o8=H"' 


-(90) 


--1^ 


-0J4=A" 


-(96) -< 


l-l"2 


+o!o2==A"' 


-(84) 


+o':i 


- -0.09=1'" 


-(90) 


--1.0 


-0.03=D" 


-(96) - -0.8 


-0.07=E" 


-(84) 


-1.4 


- -0.04=U"' 


-(90) 


-.0.2 


-o.ia=E" 


-(96) - 


-1.6 


-0,04=C™ 


-(841 


+0.3 








-0.12=F" 


-(96) - 


-1.8 


-0.03=E"' 


-(84) 


-0.6 


91, 






-0.02=L" 


-(96) - -0.1 


— 0.01=L"' 


-84) 


+0.1 








-(-0.04=M" 


-(96) - -0.2 


+0.05=M"' 


-m 


-0.8 


+0J8=H"' 


-(91) 


+1.5 


-0.04=E" 


-(96) -)-2.4 


-0.04=0"' 


-(84) 


^:! 


-0.01=1'" 


-(91) 


-1.9 


-0.12=V" 


-(96) - 


-0.1 


+0.01=3'" 


-M 


+0.04— M"' 


-(91) 


--0.2 


-0.12=Y" 


-(96) +1.8 



Digitized by VjOOQIC 



SECTION I. PART IV. 



FINAL LEAST SQUAEE EQHATIONa AE. 



VI. 

VIL 



4-Q+T+W-8 (T) 
' - f W-7 (VI) 

4-V+W-8 (vn) 



-A--C-l-D+F+G4-K-(-Q-9 (5) 

-A- -C4-I>fF-l-K4-<W-W+Y-U).5Z-10J (6) 

-A--C-|-D-|-F4-K4$fW-(-Y-fZ+BB-I2 (7) 



■45 (10) 
■4.5 (11) 
■45 (12) 



-W+T-11 (13) 
-W-f T-11 (U) 



-0.24=A_,-4- 
-0.17=A_, 
-|-0.34=A. 
. -1-0.05: 

■ -0.10: 

. -H>-43: 

-0.27^__, ._. .. „ 
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. — .01=0 -D- -E- -F- -K-5 (9) 
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- .3t=C- -D- -0.5GU-0.5H 
4- .32=C-|-I>f0.5G-|-0.5H- 

+ .01=A^A.,4-A4-c4-F4-F4-H-r.^^ 

- .02=F-|-G+0.5I-l-k-fN4-P-f-E-6.5 (15, 
-I- .06=F- -0.6G-|-i4-k4-h4-P4-H-6J> (16) 

- .05=F-)-O.5G-(-I-f-K4-N4-p4-E-6J (17) 

- .21=K-l-M-)-Q-(-T-l-0.5V— L5 (18) 
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-I- .06=AV -A'_r -C'-^iy-^E'-^F'-LM'-t-r-l-W'-l-lf-l 

.00=A'..r-A'_r-A'_,-|-A'-|-B'-7(35) 
-I- .05=A'_rf A'_^Au4-A'4-B'-5 (36) 
-I- .08=C'-|-iy-t-E'-|-F'-l-G'4.H'-|-T'-7 (37) 

.00=C-|-iy-|-E4F'4-G'4-H'4-r-7 (38) 
-j- .02=H'-)-0.5F'-l-0.5r-i-V'-3 (39) 
-I- .07=H'- -P-|-0.5r-|-y'-3.5 (40) 

- .24=H'-|-P-)-r-|-V'_4 (41) 
- - - -0.5O'-|-Q'-|-U'-|-W'-l-X'-|-T'_7.5 (42) 

-O'-|-0^6Q'^-n'-f-W'-t-X'4-T'-7.5 (43) 
-T'-t-W'-4 (45) 

-W'-4 (47) 

-W'-4 (48) 



- - .08=F'-4-G 

- - .01=F'-|-(i'- 
-- .01 

- - .46=F'-1-L' 

- .35=F'--L'- 
-|- .50=C- -V/ 
+ .37=:C- 'Xy 

- .63=C--iy. 



-10 (34) 



i-F'-)-R»-l-L'-|-I"l"-|-W-t-L"I/'-l-T'-10 (49) 

■f E"-)-u4-I"ll'-|-W'-l-L"i"-4-Y'--9 (50) 

■fF'-(-E"-|-I/-|-t"E"-|-I"l"-)-W'-|-L"L"-|-T'-ll(61) 
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0.(l7=C'+D'+I"+r+B"+L'+E"E"+I»l"+W'+L"L"+r-ll (52) 
.0I=C'--E"+D'+I"+K''+P''+Q"-7 (58) 
,01=C- -E"-|-D'-|-I"+K"+P"+Q"-' (5*) 
.00=a- -H"+L"+P''-4 (65) 



i 



.00=a- -H"-|-L"+P''-4 (55) 
+ .20=0'- -n'+V+V-i (56) 
• J4=C- -F"+K"4-G'+L'-5 (57) 
-F"+K''+G'-l-L'-5 (58) 



=C- -0.5D"-t-I"-t-R"-|-A"A"4-0"C"+I"r-6.5 (59) 
=C'- .0.5D"-|-I"-l-K",+R"+A"A"-)-C"C"-|-I"r-7J> (60) 



;C'-|-E"+R>'+tl»-|-E"E"4-N"N"+0"0"-7(61) 
C- -0 5R"-t-L'+E"E"-l-Ii"N"-)-0''0»-5.5 (62) 
C'-|-K"+L"-l-O'+0.5Q'+L"L*+T'-6.5(63) 
.53=P''+Q"4-L'- -C"C"-t-E"E"-5 (64) 
.13=P"- -Q"+I''- -C"C"4-E"E"-5 (65) 
.14=F'-l-Q"4-L'-l-0.5C"C"+E"E"-4.5 (66) 
.ll=R"-|-Y''4-B"B"-t-W'-4 (67) 
.11=R''- -Y"4-B''B"4-W'-4 (68) 

.!9=R"- -A"A"-l-H"H"-|-I"I"+K"K"-l-N"N''-(-0"(y'-7 (71b) 
.01=R"- -A"A''-4-H"H"-f-P'l"-|-K"K"+N"S"+0"0"-7 (71a) 
.04=A".,+A"-|-B"-|-E"-|-l"+M"+N''-(-R"-|-F"F"+I"I"-|-L"L"-(-O"C("+P"P"- 

13 (72) 
.02=A"_,+A"+B»+E"-|-F+M"-(-N"-(-R"-|-F"F"+I''I"-l-L"L"-|-O"O"-|-P"P"- 

IS (73) 
.38=A"_rfA"+B"-|-E"+I"+M"-)-N''+E"+F»F"-f-ri"+L"I/'-|-0"(y'+P"P"- 

13 (74) 
.12=B"-l-iy'+G"-t-Z"-l-G"G"-|-L"L"-|-M''M"-7(75) 
.43=B"4-D"+G"4-Z"4-G"G"4-I."L"4-M"M"-7(76) 
.28=M»+N"-(-U"-|-P'"-l-Q"'+K"K"-6(77) 
.52=M"4-N"+D"+P'"+<r+K"K"- 6 (78) 
.80=A"'-4-A"_,+B"-i-C"'+E"'-(-F"'-|-L"'+M'"+P"-fQ"'+S'"-fV"+N"N"-|-O"O" 

_Lp"P"_15 (79) 
.02==A"'+A'^+B"+C"'+E'"+F"'+U"+M"+P"-|-Cr+S'»+V»'-|-N"N"-|-O"()" 

P''P"-15 (80) 
,60=A"'-t-O.5Cr'+0.5iy"-|-G"'+H'"-|-l"'-f-Cy"+R'"-f-T'"-f-U'"+W'"+T'"-H (81) 
0.5C'"-4-0.5D"'-4-0.5G"'+H"'-t-l"'-|-O"'-t-R"'4-T"'-7.5 (82) 
.B"_i_C'"_]_F,"-|-L"'+M"'-)-Q'''-l-S'"+V"'+1'"-10(83) 
B"_|_C'"-|-E"'-|-L'"-|-M"'-|-Q'"-)-S"'-|-V"'-|-Y"'-10(84) 
- — -U"— 2.5 (85) 
-U"-2.5 (86) 
U''-2.5 (87) 



.35=A" 



+ .05: 

— m=O^M"'- 
-t- .09=0.5M' 

— .16i^0.5M' 

- .06r^.5M' 

- .06=H' 
=H'"+r 



- -0.06=H'" 
93. - -0.03=I"'+K" 



•-I-M 



.21=H"'- -1'"- -M'" 



N"-Lu''-2.5 (88) 



-3 (89) 



-3 (91) 
-3 (92) 



.N/»+0™-4 (93) 



94. - -0.10=l"'4-K"'-|-0.5N"'+(y"-3.5 (94) 

95. - -0.18=A'"+D'"-|-F."-|-F"'-|-L'"-|-M'"-t-(y"-|-Q'"-|-R'"+V"'44)JiX"'+T"'-11.5 (96) 

96. -0.73=A'"4-D"'-t-E"'4-P"'+I-'"+l'""+R"'+V"'4-Y'"-9 (96) 
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t: 



G'=0" -H 



I 



14) 
)-(27) 



_(13)_(14)- 
)-(ll)-(12)-(13) 



-(17) 

(12)- (15) -0.5 



-(15)-(16)-(17) 
-(28b) -(29) -(SO) 



I8)-(19)-(22) 



;2») 



-(52)-(53)- 

2)-(63) 

-(52)-(53)-(51) 

-(42)-(«)- 



-(58)-(61)- 
7) -(88) 



:2Q'-(42)-0.5(43)-0.5(63) 
.01=2H'-(28a)-(28b) 
"1=17T'-(24)-(25)-(26)-(28a)-(28b)— (29)-(30)-(31)-(33)-(34) 

-(37)-(38)-0.5(39)-0.5(40)-(41)-(45)-(47)-(48) 
.01=2U'-(42)-(43) 

.02=5V'-(28a)-(28b).— (39)-(40)-(41) 
.01=13W'-(81)-(34)-(42)-(43)— (45)-(47)-(48)-(49)-(50)-(51)- 

(52)-(67)-(68) 
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X'=M''M"-|-0.02=4X'-(42)-{43)-(75)-(76) 

Y' --0.O4=9Y'-(31)-(34)-(42)-(43>-(49)-(50)-(51)-(52)-(6S) 

A"_, --0.03=5A"_,-(72)-(73)-{74)-(79)-(80) 

A" - -0.01=3A"-(72)-(73)-(74) 

B"=!B^ --0.03=9B"-{72)-{73)-(74)-(75)-(76)-(79)-(80)-(83)— (84) 

D" -j-0.03=3D"-0.5(59)-0.5(60)-(75)-(76) 

E" -0.02=6E''-(53)-(54)_(61)-(72)-{73)-(74) 

G" -0.01=2G"- (75) - (76) 

H" 0.00=2H"-(66)-(56) 

1" -0.02=:10I''-(49)-(51)-(52)-(53)_(54)-(59)-(60)-(72)-(73)-(74) 

K" -|-0.01=5K"-(53)-(54)-(57)-(58)-(63) 

K", 0.00=K",-(60) 

L" -l-0.08=3L"-(53) - (56)- (63) 

WsW" 4-0^1=17M"-(72)-(73)_(74)-(77)-(78)_(79)-(8O)-(83)-(84)-0JS(85) 

-0.5(86)-0.5(87)-*5(88)-(89)-(90)-(91)-(92)-(95)-(96) 

N" -0.09=9N"-(72)-(73)_(74)i-(77)-(78)-(85)-(86)_(87)-(88) 

P" -0.06=7P"-(53)-(54)_f55)-(5G)_(64)-(65)-(66) 

Q" -j-0.1]=5Q"-(53)-(54)-(64)-(65)-(66) 

R" -H).08=14^R"-(49)-(50)-(5I)-(52)-(59)-(60)-(61)-OJS(62)-(67)-(68) 

-(7Ib) -2)-(73)-(74) 

T" 0.00=2T"-(67) / \ ^ \ / 

Z" 0.00=2Z"— (75) 

A"A" 0.00=4 A" A" -(J 

WB" -0.01=2B"B"-(( 

C"C" -|-0.04=4.5C"C"- 

£"£" -0.02=7E"E"-(i 

G"G" 0.00=2G"G"— ( 

H"H" 0.00=2H"H"-( 

l"!" -fO.04=ni"l"-(^ 

-(74) 

K''K'' -|-0.02=4K"K 

L"L" -|-0.08=10L"I 

N"N" — 0.05=6N"N' 

0"0" — 0.06=9O"O' 

P"F' — 0.01=5P"F 

A"' -0.06=8 A'" - 

C" -U).01=5C"- 

D"' -j-0.01=3D"'- 

E'" — 0.09=6E"'- 

F'" -0.0e=4F"'- 

C" -0.01=1.5G"' 

H'" 4-0.09=6 H'"- 

I'" 4-0.14=81'"- 

K'" -0.01=2K"'- 

V" -0.04=6L"'- 

K'" -|-0.05=1.5N"' 

O"' --0.01=50"'- 

p'" --0.04=4P'"- 

Q"' -|-0.01=10Q'"- 

R'" -0.01=4R'"- 
S"' 0.01=4S"'- 

T"' 0.00=2T"'- 

U"' 0.00=U"'-( 

V" -0.08=6 V" - (79) - (8( 
W" 0.00=W"'-(81) 

X'" 0.00=0.5X"' -0.5(95) 

Y'" -0.04=5T"'-(81)-(83)-(84)-(95)-(96) 



(71b)-(71a) 



-(64)-(65) -0.5(66) 
(61)-(62)-(64)-(65)-(66) 



;61)_(52)-(69)-{60)-(71b)-(7U)-(72)-(78) 

0-(77)-(78) 

-(51)-(52)-(G3)-(72)-(7S)-(74)-(75)-(76) 

-(71b)-(71«)-(79)-(80) 

-(71b)-(71a)-(72)-(73)-(74)-(79)-(80) 

.(74)-(79)-(80) 

81)-(82)_(83)-(84)-(95)-(96) 

.5(81)-0.5(82)-(8S)-(84) . 

2)-(95)-(96) 

i31-(84)-(95)-(96) 

95) -(96) 

89) -(90) -(91) -(92) 
9)-(90)-(91)-(92)-(93)-(94) 

5S)-(84)-(95)-(96) 

r9)-(80) 

(74)-(77)-(78)-(79)-(80)-(8S)-(84)-(9fi) 
95) — (96) 
l3)-(84) 



-(84)-(95)_(96) 
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II. 
III. 

IV. 



-I.2=D-|-L-l-W-3 (I) 

-0.3=0-1-: ' " " '"^ 



+1.3= 



--0.7=A_r-G-|-H-(-Q-|-V-5 (IV) 



W-3 (II) 
+6+H-)-Q-4 (HI) 



27b. 
27c 
27d. 
27e. 
28a. 



F-[-K-(-Q-8 (5) 
.F_Lk4-Q-)-W+Y+Z-11 (6) 
F4_K-^<Jfw4-Y4-Z-|-BB - 1 2 



- -0.3=A_r-A_,-l-A-|-C~4 (4) 

- -3.2=A_r|-A_,- -A- -C-l-I>-|-F- 
" ;A_J-A_i- -A- -C4-D4-F- 

■5.0=A_^A_,-|-A- -C-l-D-l-F- 
.0.9=C+D-4-E-)-F- -K-5 (8) 
E- -F-l-K— 5 (9) 
.G--H4-I+K-6 (10) 
G-|-H-l-I--K~6(12) 
:AjH-A-i+A-t-C--D-|-F4-K-|-L4-Q-^W+Y-ll (13) 
,A_^A_,-|-A--C--F^F-(-H-|-L-j-Q-|-W-fY-ll (14) 

15. -|-0.5=F-|-G-|-I-|-K--N--P-l-R-7 (1.5) 

16. -4.1=F--G--I--K--N--P--R-7 (IG) 

17. -5.9=F- -G4-I-(-K-f-N-(-P4R-7 (17) 

18. -|-1.4=K--M4-(W-T-|-V-5 (18) 

19. -U.4=K- -M- -Q- -T- -V-5 (19) 

20. +0.3=K- -M- -O- -U- -Vi-5 (20) 

21. -0.7=K-f-M+O+U--V,-5(21) 

22. -2.8=CM-V+W+Y--Z4-AA-6 (22) 

23. -1.4=0- -"V- -W+Y- -Z-l-AA-6 (23) 

24. -3.9=A- -B- -0|-E'- -F'+K-f-T'-fX-S (24) 

25. -0.3=A--B4-C-l-E'-l-F'4-K4-M-f-T'+X-9 (25) 

26. +7.0=A--B'+C-|-E'+k4-T'-|-AA-7(26) 
— -1.2=A--B'--B-|-C+E-|-N-fP-7 (27) 

-1.3=H'+K+R'+T'+V'-5 (27b) 
+1.7=H'4-K-|-R'4-'r+V'~5 (27c) 
J-1.3=K4-N-)~T'4-v'rf X-5 (27d) 
+0.2=K-(-N-f-r-f-X-4 (27e) 



12(7) 



-5.0=H'-|-K-|-B'-|-T'-j-V'-5 (28a) 



+0.5=K-|-N-|-T'-1-: 
4-1.6=K-|-N-l-T'--: 
-|-1.9=A'. 
-4.2= A' 
+3.2=A'. 
-1.3= A' 
-0.2=A' 
- -0.3=A' 



'-1-X-4 (29) 

■ " 4(30) 
A'-l-B'-l-D 
.A'4-E'- -F'-|-M'4-T' 
.C'4d'--E'--F'-(-M' 
■C'-l-D'-l-E'-l-F'-l-MH 
A_,-|-A'-l-B'-5 (35) 
.,-|-A'-l-B'-5 (36) 



F'-j-M'-t-T-l-W'-l-Y'-lO (31) 
.W'-|-Y'-9 (32) 

-T'-8 (33) 

-T'-t-W*-|-Y'-10(34) 



.1.2=C'-|-b'-(-E'-|-F-|-G'-j-H'-|-T'-7"(37) 




fO'+Q'+U'+W'-f-X'+Y'~7 (42) 
l2.3=F'+G'-j-0'-|-Q'-|-U'-t-W'-f-X'-|-Y'-8 (43) 



47. +40=F'. 

48. -3.3=F'- 

49. +8.9=C- 

50. -5.8=0. 

51. -)-0.5=C'- 

52. --8.5=C'- 



j-B'+c'+iy-e (44) 

'-4(4.'i) 

-4 (4fi) 

f W'-4 (47) 

-4 (48) 

i_F'+R"4-L'-|-I"I"+W'+L"L"4-T'-10(49) 
fR"-f-L'4-l"I"-t-W-f-i;'l/'+Y'-9 (50) 
i-F'-|-R"4-L'-|-E"F,"-|-I"I"4-W'-|-L"L"-|-Y'-ll (51) 
|-F'-f-R"-|-L'-j-E"E"-|-I"l"-UW'-4-L"L"+T'-ll (52) 
.I>'4-I"-)-K"4.P"-t-Q"-7 (53) 
■iy-|-I"-j-K"-|-P"-j-Q"-7 (54) 
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-|-0.4=C- 

-|-0.4=C- 

-0.3=C'-|-F"- 

-1.3=C- 

+«.8=C'+D" 

4-1.0=C--D" 

-3.6=C- — 

-3.6=C'- 

-i.e=c- 

+2.4=P' 
-1-0.4=P"- 
-0.5=R"4-T 
+0.3=K". 
— 0.6=N"- 

- -0.6=N"- 
K - -0.9=R"- 

- -0.8=A' 



■P"-4 (55) 
■T"-i (56) 
G'+U-S (57) 
■Gi+V-i (58) 



E"+A"A"-fC"0"+P'I"-7 (59) 
■K",+R"+A"A"+C"C"+r'r'-l 
-U"4-E"F."+N"ti"+0"0"-7 (6 

»+E"+E"+L'+E"E"- 

^-K"--L"-.0'4-Q'+l 

•"+Q"+L'- -C"0'+E" 



»_]_U»tt"+0"d 
!"+N"N"+O"0' 
T'— 7 f 



8 (GO) 
(61) 
7 (62) 



;"E"-6 (64) ' ■ 
.C"C"-(-E"E"-5 (65) 
'b"+W'-4 (67) 
.B"B"4-W'-4 (68) 
.A"A"-i-H"H"+P'P'+K"K"-6 (69) 
E"4-A"A"4-H"H"4-PT'4-K"K"-6(70) 
A"A"+H"H"+P'r'+K"K"+N"N»-|-0"(y' 



0.8=A"_,+A"+B"+E"+I"+M"+R"+F"F"+r'I"+L"L"+0"0"+P"F'— 12 
1.9=A%+A"-lB"4-E"4.r'4-R"+F"F"-|-r'P'+L''Ll'+0''0"+P"P»_ll(7S) 
2.9=A'L,4-A"4-B''+E"+r'4-M"+N"+R"+F"F"+P'r'+L''L"+O''0''+P"F 



-12 (72) 



-O.S=B"+D"+G"-fZ"+G"G"+L"L"+M"M"- 
-2.3=B";^-p;;+G;;+Z;[+(y'G''+L''L''-(-M"M"-7(76J 



-7 (75) 



-9.4=M"-(-N"4-U"+F"+Q"'+K"K"-6 ( 
-2.4=M"+N"+U»+P™4-Q"'+K"K"-6 ( 
-4.8=A"'4-A"_r(-B''+C'''+E"'+F"'+I/". 

-(-P"P"-15 •— 
._Xb"+C"+ 

4_p/'^"_15 



1.9=A"'- 
-6.5=A"' 



— 3.0=A' 

-3.0=A"'4-B"'- 

-0.3=M"' 

4-2.8=M'"- 

4-1.7=M"'- 

-j-0.7=M"'. 



-0.3=H"'- 
-2.7=H'" 



(") 
(78) 
'+M"'+P"'+Q"i+S"'+V'"+N"K''-(-0"0" 

'+E"'^-F"'+iy"+M"'+P'"+Q"'+S"'+T"'+N"N"-l-0"0" 
, - - 15 (SO) 
.(7"+D"'+G"'+H™+P"-|-0'"+E'»+T'"+U"'+W"'+Y"'-12(81) 
,C>»_|_D'»-l-G'"-i-H'"-l-I"'+0"'+K"'+T"'-9 (82) 

■ ■" "'" "■■■ ' -10(83) 

-JO (84) 



B"-|-C"-t-E"'-t-L"'+M"'-fQ"'+S"'-|-V"'4-T' 
_ ... -■,^s'«+U«+W«+q'»+S"'+Y'"+T 
-3 (85) 

3(86) 

3(87) 



-n"-3 ( 
.M"'-3 (89) 
.M"'-3 (90) 
.M"'-3 (91) 
■M"'-3 (92) 
.Km_i_0"'-4 (93) 
.N"'4-0"'-4 (94) 



- -3.6=H"'4-I"'- 

- -3.6=H"'- 

- -2.7=I"'-|^K"'- 

- -0.9=T"-|-K"'- 

- -3.9=A'"+IV"+E"'-^I 
.-9.8=A"'+iy"+E"'4-F"'+L"'-|-M"'+R"'-4-V"'+l" 
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B' 
T 



V'=S 



-1-0.3=8 A_,-(lll)-(lV)-(l)-(5)-(G)-(7)-(13)-(H) 
-0.3=10A-(4)-(5)-(6)-(7)-(13)-(H)-(24)-(25)-(26)-(27) 

0.0=3B~(24)-(25)-(27) 
-(-1.2=14C-(4)-(5)-(6)-(7)-(8)-(9)-(10)-(12)-(I3)-(14)-(24)-(26) 
-(26) -(27) 

- 6)-(7)-(8)-(9)-(10)-(12)-(13) 
!7) 

l)-(9)-(18)-(14)-(lS)-(16)-(17) 
-(12)-(I5)-(16)-(17) 
-(12)-<14) 
(16)-(17) 

i)-(9)-(10)-(12)-(13)-(15)-(16)-(17)-(18) 
-(24)-(25)-(26)-(27b)-(27c)-(27d)-(27e)- 



14) 

-(21)-(25) 

-(27)-(27d)-(27e)-(29)-(30) 



-0.3=10D-{I)- 
-|-0.3=4E— (8)— ( 
-0.4=10F— (5)- 
-0.2=7G-(1II)- 
-0.1=5H-(III). 
-0.2=5I-(10)- 
-j-0.fc=25K-(5)- 
-(19). 
(28.)- 
-0.4=4L-(I)-( 
-0.1=5M-(18)- 
-(-0.4=8N-(15)- 

0.0=20— (20)— (Zij 
-l-0.1=7P-(15)-(16)-(17)-(27)-(39)-(40)-(41)' 
4-0.2=llQ-(III)-(IV)-(S)-(6)-(7)-(13)-(U)-(18)-(19)-(22)-(23) 

0.0=3R-(1^^ '««' "'^ 

0.0=2T-(1 

0.0=2n-(2 

0.0=5V-(I 

0.0=2V,-(S 
-0.3=8W-(1 
-(-0.4=6X-(2 
— 0.3=6Y— (6 
-0.3=4Z-(6' 
4-0.2=3 AA— 

0.0=BB-(7 

0.0=7A'_,- 
-ai=2A'_,— 
-0.2=7A'_,- 
4-0.3=5A'-(S 

0.0=6 B'- (a 
-fO.4=20C-( 



-( 



-(22)-(23) 

7)_(13)-(14)-(22)-(23) 

l-(27.)-(29)-(30) 

14)-(22)-(23) 

23) 

l)_(34)_(35)-(36)-(44) 

l)_(34)-(35)-(36)-(44) 

_(36)-(44) 
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—0 29.45 
-0 28.70 
-0 26.94 
-0 26.75 
-0 27.58 
-0 25.83 
-0 25.57 
-0 22.34 
-0 21.08 
-014.89 
-0 13.00 
-0 9.23 
-0 7.74 
-0 3.75 
--0 0.24 
--0 3.70 
--0 3.70 
--0 6.45 
- -013 31 

- -0 15.23 

- -0 26.60 

- -0 30.95 
--0 32.37 

- -0 44.17 

- -0 48.64 

- -0 55.41 

- -0 58.17 



« 8m»U itan of 16 ud IT Mag. « 



X (he midJle of tbii zone, tlitt a few of the tkinteit ma/ hare been 
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Home of 

Star. 


M.g. 


Reading 
otSHlo. 


Btdoetioo. *h^" 


s-^^, 


PrtncilMl SUt 


U'-U 


(km. 


«-«, 


q> 


15 


lo' s" 


-HS9'27!'2 ~2"3 -1 


-69' 29.9 


-1-0 58.16 


J 


h 2,5 


-0.03 - 


-l" o'!63 


q* 


15 


5 58 


—1.4 - 


-65 23.8 






-13.5 


-0.02 - 


-1 11.64 


q» 


15 


7 45 


-1.8 - 


-67 10.4 




, 


-15,5 


-0.02 - 


-1 13.64 


n 


15 


4 35 


-1.1 - 


r64 1.1 


+1 16.67 


. 


- 2,5 


-0.02 - 


-1 19.15 


>•» 


16 





-0.1 - 


-59 27.1 






- 4.5 


0.00 - 


-1 21,17 


r» 


16 


10 15 


-2.3 - 


-69 39.9 




. 


-14.0 


-0.04 - 


-1 30.63 


r. 


15 


2 58 


-0,7 - 


-62 24.5 




, 


-33.0 


-0.01 - 


-1 49.66 


Tf 


15 


8 16 


-1.8 - 


-67 40.4 




, 


-43J 


-0.03 - 


-2 0.14 


B_,» 


17 


6 10 


-1.4 - 


-65 35.8 


-1-2 14,36 


-21.0 


- -0.01 - 


-1 53.37 


»-. 


14 


1 15 


-0.3 - 


-60 41.9 




-16.5 


- -0.02 - 


-1 57,84 


»-. 


16 


5 28 


-1.2 - 


-64 54.0 




-15.0 


- -0.01 - 


-1 59,37 


t. 


16 


8 58 


-2.0 - 


-68 23.2 


-1-2 23.26 


-H 0.75 


-0.02 - 


-2 23,99 








Sapplement to Zone Tin., 


Feb. S7, I8U. 






bi 


17 


6' 50" 


+65'25'7 -IJ - 


-72 14.0 


-2° 4.57 


-1- LO 


-0.02 - 


-2"l3!59 


C-i 


15 


5 18 


-1.3 - 


-70 42.4 


-2 5.37 


- 1.0 


-0.01 - 


-2 6.38 


Cl 


15 


9 20 


-2.2 - 


-74 43.5 




-(-3.0 


-0.02 - 


-2 2.39 


•ii 


16 


40 


-0.3 - 


-66 5.4 




-1-0,01 - 


- 1 58.36 


«U 


17 


5 10 


-1.3 - 


-70 34.4 


-1 26.37 


^16.5 


-0,01 - 


-1 42.88 


d-i 


17 


6 30 


-1.6 - 


-71 54.1 




-11.0 


-0.01 - 


-1 37.38 


f. 


16 


8 20 


-2.0 - 


-73 43,7 


-1 12.48 


0.0 


0.00 - 


-1 12.48 


f, 


16 


7 29 


-1.8 - 


-72 52.9 




-1- 1.75 


0.00 - 


-1 10.73 


g-i 


16 


1 18 


-0.4 - 


-66 43.3 


-1 8.28 


Xl.O 


-f-0.01 - 


-1 9.27 


gi 


17 


4 30 


-l.I - 


r69 54.6 






h 2.0 


0.00 - 


-1 6.28 


g« 


15 


2 43 


-0.7 - 


-68 8.0 




. 


- 5.0 


0.00 - 


-1 3.28 


8». 


17 


7 


-1.7 - 


-72 24.0 




, 


- 8.5 


-0.01 - 


-0 59.79 


g*t 


17 


9 4 


-2.1 - 


-74 27.6 




, 


-15.35 


-0.02 - 


-0 52.95 


& 


16 


8 2 


-1.9 - 


-73 25.8 




. 


-24.5 


-0.02 - 


-0 43.80 


li 


16 


7 30 


-1.8 - 


h72 53.9 


-0 39.08 


. 


- 6.5 


-0.02 - 


-0 32.60 


m,. 


17 


10 20 


-2.4 - 


r75 43.3 


-0 32 08 


0.0 


—0.03 - 


-0 32.11 


n-» 


17 


6 50 


-1.6 - 


-72 14.1 


-0 17.98 


- 5.75 


0.00 - 


-0 23.73 


n-i 


17 


9 20 


-2.1 - 


-74 43,6 




- 3.0 


-0.01 - 


-0 20.99 


0-1 


15.16 


5 10 


-1.2 - 


-70 34.5 


-0 10.88 


- 2.0 


-1-0.01 - 


-0 12.87 


Pi 


14 


9 30 


-2.2 - 


-74 53.5 


-0 3.18 




h 0.5 


-0.01 - 


-0 2.69 


Pt 


15 


8 48 


-0.9 - 


-C9 12.8 




. 


- 4.25 


-1-0.01 . 


-0 1,08 


P» 


16 


5 25 


-1.3 - 


-70 49.4 




. 


-11.75 


O.OO - 


-0 8,57 


P* 


17 


6 18 


-1.5 - 


-71 42.2 




. 


-12.5 


0.00 - 


-0 9.32 


ft 


14 


4 18 


-1.0 - 


-69 42.7 




. 


-18.0 


0.00 . 


-0 14.82 


P. 


17 


8 20 


-1.9 - 


-73 43.8 




. 


-19.5 


—0.01 . 


-016.31 


Pt 


16 


7 50 


-1.8 - 


-73 13.9 




. 


-20.0 


-0.01 . 


-0 16.81 


q-t 


13 


9 40 


-2.2 - 


-75 3.5 


-1-0 31.72 


- 2.0 


-0.02 - 


-0 29.70 


•h' 


16 


9 30 


-2.2 - 


-74 53.5 




- 0.5 


-0.02 - 


-0 31.20 


q4 


14 


1 15 


-0.3 - 


-66 40.4 




0.0 


0.00 - 


-0 31.72 


qiS 


14 


4 45 


-1.2 - 


-70 9.5 




-- 5.0 


—0.01 - 


-0 36.71 


q.§ 


17 


7 32 


-1.7 - 


-72 56.0 




--12Ji 


-0.01 - 


-0 44.21 


q»§ 


15 


7 15 


-1.6 - 


-72 39,1 




- -15.0 


-0.01 . 


-0 46.71 


8-1 


16 


3 30 


-0.8 - 


-68 54.9 


-1-1 6.82 


-14.0 


-fO.Ol - 

-j-0.01 . 


-0 52.83 


B_l 


15 


4 


-0.9 - 


-69 24.8 




- 7.0 


-0 59,83 


■l 


16 


8 55 


-2.0 - 


-74 18.7 




-j-17.75 


-0.01 - 


-1 24,56 


u 


16 


4 2 


-0.9 - 


-69 26.8 


-|-1 39.71 


3 9.5 


-1-0.01 - 


-I 30.22 


• • , precedes r^ 


t FoUow. I. 




tSuMuR. 


— 




S Fidlowi K 
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Name of 
Star. 


ll»g. 


BMdiDK 


B.du<,lk«. Como- 


8— S, Prlnalp«l Stu. 


U'-U 


tioD. 


«-Oo 


•-» 


15 


9' 58" 


+65'25"7 -2'3 - 


-75'2l''5 +l'39.71 - 


- 2'.5 


-o'oi - 


-r37'!20 


L, 


16 


9 10 


-2.0 - 


-74 33.7 


- 0.75 


-0.01 - 


-1 38.95 


t. 


17 


7 


-1.6 - 


-72 24.1 


0.00 


0.00 - 


-1 39.71 


V| 


17 


5 20 


-1.2 - 


-70 44.5 +2 1.41 H 


h 2.5 


0.00 . 


-2 3.91 


V, 


16 


i 40 


-1.0 - 


-7d 4.7 


- 9.5 


0.00 - 


-2 10.91 


^* 


17 


6 55 


-1.6 - 


-72 19.1 


rlO.OO 


0,00 - 


-211.41 
















dl 


17 


8 45" 


+75 22.1 -2.1 - 


k84' 5% -2"5.14 H 


- o!5 


0.00 - 


-2 4.64 


it 


13 


6 9 


-1.5 - 


-81 29.6 


- 1.38 


- -0.01 - 


-2 3.75 


Cl" 


1S.16 


-0 40 


0.0 - 


-74 42.1 -2 6.94 - 


- 4.75 


- -0.02 - 


-2 2.17 


c. 


16.17 


3 55 


-1.1 - 


-79 16.0 


- 6.0 


- -0.01 - 


-2 0.93 


cit 


17 


4 55 


-1.3 - 


r80 15.8 


- 8.5 


0.00 - 


-1 58.44 


c.t 


15 


10 12 


-2.3 - 


-^5 31.8 


-14.5 


—0.01 - 


-1 52.45 


c,t 


17 


6 50 


-1.7 - 


-82 10.4 


-14.5 


0.00 - 


-1 52.44 


c.t 


16 


3 25 


-1.0 - 


-78 46.1 


-19.0 


+0.01 - 
+0.01 - 


-1 47.93 


Cl 


17 


3 20 


-1.0 - 


-78 41.1 


-21.0 


-1 45.93 


<^ 


17 


8 15 


-2.0 . 


-83 35.1 


-24.5 


-0.01 - 


-1 42.45 


c. 


14 


2 10 


-0.7 - 


-77 31.4 


-26.0 


+0.01 - 


-1 40.93 


Ciol 


17 


5 10 


-1.3 - 


-80 30.8 


-27.0 


0.00 - 


-139.94 


Cut 


17 


7 10 


-1.7 


-82 30.4 


-30.5 


-0.01 - 


-136.45 


<•«: 


17 


6 48 


-1.6 - 


-82 8.5 


-31.5 


0.00 - 


-1 35.44 


c„ 


17 


10 10 


-2.3 . 


-85 29.8 


-36.0 


-0.02 - 


-1 30.96 


«l. 


17 


7 


-1.7 . 


-82 20.4 


-37.25 


-0.01 - 


-1 29.70 


cw 


17 


8 17 


-2.0 . 


-83 37.1 


-38.75 


-0.01 - 


-1 28.20 


cw 


16.17 


3 10 


-0.9 - 


-78 31.2 


-40.50 


+0.01 - 
+0.01 . 


-126.43 


<^H 


17 


2 30 


-0.8 . 


-77 51.3 


-46.0 


-120.93 


e-i§ 


14 


8 12 


-1.9 - 


-83 32.2 -113.25 - 


- 0.75 


—0.01 - 


-1 14.01 


e-. 


17 


3 28 


-0.9 . 


-78 49.2 


- 0.88 


+0.01 - 
+0-01 - 


-1 14.12 




17 


3 12 


-0.8 - 


-78 33.3 


- 0.88 


-114.12 




17 


9 15 


-2.1 - 


-84 35.0 -1 8.95 - 


- 3.5 


-0.01 - 


-1 5.46 


f. 


17 


10 


-0.2 - 


-75 31.9 


- 6.5 


+0.02 - 
4-0.02 - 


-1 3.43 


f. 


17 


12 


-0.2 - 


-75 33.9 


- 6.5 


-1 2.43 


f, 


15.16 


8 45 


-2.0 - 


-84 5.1 


- 6.5 


-0.01 - 


- 1 2.46 


f, 


17 


2 15 


-0.7 - 


-77 36.4 


- 8.5 


+0.01 - 


-1 0.44 


he 


14 


9 4 


-2.1 i 


-84 24.0 -0 55.45 


0.0 


-0.03 - 


-0 55.48 


>>il 


13 


1 10 


-0.4 . 


-76 31.7 H 


1- 1.25 


0.00 - 


-0 54.20 


M 


13 


10 20 


-2.3 - 


-85 39.8 


- 1.0 


-0.03 - 


-0 54.48 


W 


15 


8 45 


-2.0 - 


-84 5.1 


- 2.25 


-0.03 - 


-0 53.23 


M 


14 


—0 55 


0.0 - 


-74 27.1 


- 2.0 


+0.01 - 


-0 53.44 


hA 


17 


7 10 


-1.7 - 


-82 30.4 


- 2.0 


-0.02 - 


-0 53.47 


V 


17 


7 40 


-1.8 - 


-83 0.3 


- 2.0 


-0.02 - 


-0 53.47 


br 


17 


42 


-0.4 - 


-76 3.7 


- 5.0 


0.00 - 


-0 50.45 


h. 


17 


7 5 


-1.7 - 


-82 25.4 


- 5.0 


-0.02 - 


-0 50.47 



* No ittr precede* C within 8i.=Limit 2" !&•. 

t The number of amidl ilan gire* almott a DebDlont groDnd to the fleU. 
1 These stara were deternuoed fh)m c^ The differoDce of AB. between Cg and F w 
S e-i U nebulont. B Alwut tame AR. T Same AB. 
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KaiDB of 
Star. 


M.«. 


Rendins 
ofScito. 




PrincilMl Stai 


U'— U 


Correc- 

tiDD. 


«— 0, 


i_, 


17 


8' 42" 


+75'22'i -2'b - 


-84 2.1 


-0'32!65 


- 7'.75 


o!oo - 


-0 40*40 


W 


14 


10 18 


-2.3 - 


-85 37.8 




- 7.75 


0.00 - 


-0 40.40 


i_i 


16.17 


8 15 


-0.8 - 


-78 36.3 




- 3.5 


4-0-02 - 

4-0.02 - 


-0 36.13 




17 


3 15 


-0.8 - 


-78 36.3 




- 2.5 


-0 35.13 


k-i 


17 





-0.2 - 


-75 21.9 


-0 2G.25 


- 4.25 


0.00 - 


-0 30.50 


k, 


17 


8 15 


-1.8 - 


-83 35.3 




_ 


1- 0.25 


-0.02 - 


-0 26.02 


ka 


16 


-0 50 


0.0 - 


-74 32.1 




„ 


- 6.0 


-HO-01 - 


-0 20.24 


K 


15 


4 55 


-1.2 - 


-8015.9 




_ 


- 7.75 


-0.01 - 


-0 18.51 


K 


16 


10 


-2.3 - 


-85 19.8 




_ 


- 8.0 


-0.03 - 


-0 18.28 


>c* 


14 


7 18 


-1.7 - 


-82 38.4 




_ 


- 9.26 


-0.02 - 


-0 17.02 


kg 


17 


8 10 


-1.8 - 


-83 30.3 




H 


-10.5 


-0.02 - 


-0 15.77 


k? 


14 


7 45 


-1.8 - 


-83 5.3 






-12.5 


-0.02 - 


-0 13.77 


U 


16 


5 17 


-1.2 - 


-80 37.9 




. 


-13.5 


-0.01 - 


-0 12.76 


k. 


16.17 


5 10 


-1.2 - 


-80 30.9 




. 


-14.5 


-0.01 - 


-0 11.76 


k„ 


16 


7 40 


-1.8 - 


-83 0.3 




. 


-20.5 


-0.02 - 


-0 5.77 


L.* 


17 


2 30 


—0.7 - 


-77 51.4 


-0 2.65 


- 3.5 


-0.01 - 


-0 6.16 


ID-, 


17 


2 25 


-0.7 - 


-77 46.4 


-1-0 11.25 


- 5.75 


-fO.Ol - 


-0 6.51 


in_, 


16 


7 50 


-1.8 - 


-83 10.3 




- 1.25 


-0.01 - 


-0 9.99 


m. 


17 


8 80 


-1.9 - 


-83 50.2 




- 


- 0.75 


-O.Ol - 


-011.99 


mi 


12 


10 10 


-2.2 - 


-85 29.9 




- 


- 1.0 


-0.01 - 


-0 12.24 


fa 


16 


6 44 


-1.5 - 


-82 4.6 




- 


- 9.5 


0.00 - 


-0 20.75 


»i 


15.16 


-0 20 


—0.1 - 


-75 2.0 


-1-0 80.35 


- 


- 1.5 


0.00 - 


-0 31.85 


D, 


16 


40 


-0.3 - 


-76 1.8 




- 


- 1.75 


0.00 - 


-0 32.10 


n> 


16 


50 


-0.3 - 


-7611.8 




, 


- 5.5 


0.00 - 


-0 35.85 


O4 


17 


6 50 


-1.6 - 


-82 10.5 




_ 


- 6.6 


-0.02 - 


-0 36.83 


"( 


15 


6 53 


-1.4 ■ 


-81 13.7 




_ 


- 8.25 


-0.02 - 


-0 38.58 


■M 


16 


6 


-1.4 - 


-8120.7 




- 


-26.25 


-0.02 - 


-0 56.58 


Br 
"a 


17 
17 


5 50 
5 85 


-1.4 - 
-1.3 - 


■81 10.7 
-80 55.8 




1 


-43.0 


-0.02 - 
-0.02 - 


-1 13.33 
pl 26.33 


-56.0 


0-* 


17 


6 50 


-1.5 - 


r82 10.6 


4-1 38.54 


- 3.5 


-0.01 - 


rl 35.03 




15 


-0 8 


-0.1 - 


-75 U.O 




- 1.0 


-fO.Ol - 


-1 37.55 


Oi 


15 


6 4 


-1.3 - 


-81 24.8 




-1- 0.62 


-O.OI - 


-1 39.15 


P-» 


16 


-0 45 


-1-0.1 - 


-74 37.2 


-j-1 40.04 
-1-1 38.54 


- 0.75 


-1-0.03 - 


-1 39.32 


».t 


17 


5 12 


^.1 - 


-80 33.0 


-I- 4.0 
-1-13.0 


0.00 - 


-1 42.54 


0, 


17 


3 20 


-0.8 - 


-78 41.3 




0.00 - 


-1 51.54 


1-t 


17 


5 50 


-1.3 - 


-81 10.8 


-f-2 2.24 


- 4.75 


-0.01 - 


-1 57.48 


q_, 


16 


8 45 


-1.9 - 


-84 5.2 




- 0.5 


-0.02 - 


-2 t.72 


<li 


16.17 


6 35 


-1.4 - 


-81 55.7 




. 


- 1.6 


-0.01 - 


-2 3.73 


li 


16 


6 10 


-1.3 - 


-81 30.8 




- 


- 2.25 


-0.01 - 


-2 4.48 


■It 


15 


9 11 


-2.0 - 


-84 81.1 






- 5.5 


-0.02 - 


-2 7.72 


1* 


17 


8 10 


-1.7 - 


-83 30.4 




. 


-10.0 


-0.02 - 


-2 12.22 


CJs 


17 


7 55 


-1.7 - 


-83 15.4 




. 


-10.75 


-0.02 - 


-2 12.97 


<h 


18 


6 42 


-1.5 - 


-82 2.6 




. 


-11.25 


-0.01 - 


-2 13.48 


q7 


15 


4 40 


-1.0 - 


r80 1.1 




- 


-15.0 


-0.01 - 


-2 17.23 


qs 


15 


4 


-0.9 - 


-79 21.2 




■ 


-16.5 


0.00 - 


-2 18.74 








Sapplement to Zone X., Fet 


.i», I8M. 








e, 


15 


1' 15" 


-295879 -0"l -28 44';b 


-2" 8*45 


-f 3*0 
-\- 3.25 


-|-0'02 - 


-2 15!43 


gi 


16 


8 20 


—1.5 —21 40.4 


-1 26.25 


0.00 - 


-1 23.00 



* The ttai L U 2" or 8" wrong. The decUnatiou hen were right bj M. 
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Supplement to Zone X^ Feb. 89, 1864. 








Namaor 
Sur. 


M.|. 


RMdIng 


lUdMtiOO. Co™- 


&-K 


Principal Stw. 


U'-n 


tiOD. 


a-a. 


a. 


17 


2 45" 


-29'58r9 -O'X 


-27' 14.3 


-1W25 -1- 9J5 


-1-0 01 - 


-"1(^49 


h- 


17 


6 25 


-1.1 


-23 35.0 


-0 54.85 - 


- 5.25 


-O.OI - 


-1 O.Il 


'-, 


16 


6 2 


-1.0 


-23 57.9 


-0 42.75 - 


- 4.0 


0.00 - 


-0 46.75 


i,» 


15 


8 


-1.4 


-22 0.3 




- 8.5 


0.00 - 


-0 34.25 




U 


9 30 


-1.7 


-20 30.6 




-15.0 


-0.01 - 


-0 27.76 


['• 


15 


6 40 


-1.2 


-23 20.1 




U23.0 


0.00 - 


-0 19.75 


il. 


13 


3 


-0.4 


-26 59.3 


-0 26.65 - 


- 8.5 


0.00 - 


-0 3.5.15 


!::; 


16 


1 55 


-0.2 


-28 4.1 




- 2.0 


0.00 - 
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-71 45.4 


+2 0.83 


.- 3.25 


0.00 - 


r-l 67.58 


dd, 


15 


7 87 




-1.1 


-72 38.2 




+ 3.25 
+14.50 


0.00 - 


U2 4.08 


dd. 


16 


8 05 




-1.2 


-72 10.3 




0.00 - 


-2 15.33 








Sapplement to Zone XVIIL, Harcli SS, ISU. 






•Li 


11 


8 15" 


-90'l5';8 


-1.3 


-82 2.1 


-2"l2.16 


- 0.50 


+0.02 - 
+0.01 - 


-2"l2'64 


•U 


16 


5 12 




-0.9 


-85 4.7 




- 2.50 


-2 14.65 


d^ 


16 


-0 20 




-0.2 


-90 36.0 




-- 6.50 


—0.01 - 


-2 6.67 


ei 


15 


8 10 




-1.3 


-82 7.1 


-2 3.16 


-- 1.00 


+0.01 - 


-2 2.16 


e» 


13 


-0 50 




-0.1 


-91 5.9 




-- 4.00 


-0.02 - 


-159.18 
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Supplement to Zone \llll. 


Hareh 28, I8«4. 






KameoT 

Sim. 


M»(t- 


B>.ding 




8-8. 


Pri<ioi|«i st>i 


„,_„ Cjnrj*. 


o-<i„ 


g-i 


16 


8 is" 


+9015.8 -t.3 


-82 2'i 


-l"3.'l6 


- 9*00 -1-0.01 - 


-2" 2*15 


f-'i 


16 


4 42 


-0.9 


-85 34.7 




-|- 0.15 
4- 4.00 - 


0.00 - 


-153.01 


g,* 


15 


10 


-1.6 


-80 17.4 




-0.02 - 


-1 49.14 


!•• 


U 


8 02 


-U 


—82 15.1 


-1 41.97 


0.00 


0.00 - 


-1 41.97 


h, 


15 


5 58 


-1.0 


-84 18.8 




. 


- 5.50 


0.00 - 


-1 36.47 


hi 


17 


i 40 


-0.9 


-85 36,7 




. 


- 8,00 - 


-0.01 - 


-133.98 


h. 


17 


6 04 


-1.0 


-84 12.8 




, 


-11.00 - 


-0.01 - 


-130.98 


k, 


16 


40 


—0.4 


-89 36.2 


-1 18.16 


. 


- 1.00 


0.00 - 


-1 17.16 


L. 


15 


2 50 


-0.6 


-87 26.4 


-1 6.57 


- 6.25 


0.00 - 


-1 12.82 




14 


1 15 


-0.4 


-89 1.2 


-0 59.27 


-|- 2.25 


0.00 - 


-0 57.02 


*»-» 


15 


-0 20 


-0.2 


-90 36.0 


-0 42,47 


- 3.75 - 


-0.02 - 


-0 46.24 




15 


2 20 


—0.5 


-87 56.3 




- 3.50 - 


-0.01 - 


-0 45.98 


Oi 


16 


5 25 


-09 


-84 51.7 




4- 1.75 
4- 7.50 - 


0.00 - 


-0 40.72 


Ol 


15 


1 40 


-0.5 


-88 36.3 




-0.01 - 


-0 34.98 


t^ 


17 


4 40 


-0.7 


-85 36.5 


-1-0 21.53 


-15.50 -1-0,01 -1-0 6 04 


i_( 


15 


7 40 


-0.9 


-82 36.7 




-13.00 - -0.02 - -0 8.55 


t_j 


17 


5 50 


-0.9 


-84 26.7 




- 9.50 --0.02 --0 12,05 


'-1 


17 


8 25 


-1.1 


-81 51.9 




- 3.00 -1-0.08 -1-0 18.56 


t-i 


13 


I 05 


-0.4 


-89 11.2 




- 0.15 


0.00 --0 21.38 


ti 


10 





-0.4 


-90 16.2 




-1- 4.00 - 


-0.01 - -0 25.52 


*-» 


16 


6 47 


-0.9 


-83 29.7 


-H) 59.82 


-15.00 - 


-0.02 - -0 44.84 


XL-i 


16 


7 10 


-0.9 


-83 6.7 




_ 7.75 - 


-0.02 - 


-0 52.09 


X, 


16.17 


5 


-0,8 


-85 16.6 




+16.00 - 


-0.01 - 


-1 15.83 


y-1 


16 


4 20 


-0.7 


-85 56.5 


+1 35.92 
+2 33.62 


-4.50 


0.00 - 


-131.42 


as, 


16 


3 20 


-0.7 


-86 56Ji 


+ 1.25 - 
-1- 4.75 - 


-0.02 - 


-2 34,85 


aa. 


10 


-1 


-0.7 


-91 16.5 




-0.07 - 


-2 38.30 



[t hu a brtyliter companion on the adge of tbo fleld. 
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SECTION III. PART 1. 



CATALOGUE OF STABS NEAR i, 9 AND c ORIONIS, FROM OBSERVATIONS 

MADE AT THE OBSERVATORY OF HARVARD COLLEGE 1867-1864. 

THE POSITIONS ARE REFEBRED TO ff ORIONIS AS THE ORIGIN. 



No. 


£ ■ LMter. G. P. Bond. 








ll 




Kx 


1 


xn. A 


2 


XILlt 


3 


XVU. A 


1 


XlLc_, 


5 


XU. C 


6 


X. A ; XI. A 


7 


XVU. B 


8 


X.B; XLB 


9 


XII. <L, 


10 


XV. A ; XVI. A 


11 


XVI. B; XVIL C 


12 


XILD 


13 


XV. B; XVI. C 


14 


XVII. D; XVIIL A 


15 


xn.e_ 


16 


XV. c 


17 


XIV. A 


18 


XV. D 


19 


XV. E; XVI. D 


20 


XVU. E 


21 


xn.e_. 


22 


XILE 


23 


XII. n. 


24 


xn. F 


25 


xn-f, 


26 


I. A 


27 


XVIIL B 


28 


LB 


29 


VIIIA; IX. A 


80 


XVLE 


31 


xvn. p 


32 


XVILG 


33 


XIV. B 


34 


IX. B 



|| |u |1 sg. y 
il ii ll 52 il 



la Time. In tc. orAro- 



Eq. 18ET.0 

Prec. t B Proo. 

Cbef. ""*• Ciiof, 

la BM. of Are. 



11.3 - 



-3 35.89 -3238.3 - 

-3 25.33 —3079.9 • 

10.8 -3 13.02 —2895.3 - 

14.8 —3 11.G7 —2875.1 - 
11.5 —3 6.92 —2803.8 - 

10.3 -3 6.53 -2798.0 ■ 

8.6 —3 4.92 —2773.8 - 

9.7 -2 58.36 -2675.4 

13.9 —2 58.05 —2670.7 
9.2 —2 67.05 —2655.7 ■ 



--0.24 



11.2 - 



-2 55.64 - 

-2 55.30 - 

-2 54.20 - 

-2 49.42 - 

-2 48.22 - 

-2 46.85 - 

-2 46.29 - 

-2 43.95 - 

-2 41.40 - 

-2 41.33 - 

-2 39.72 - 

-2 38.69 . 

-2 37.82 ■ 

-2 36.29 - 

-2 35.31 - 

-2 33.97 . 

-2 32.40 - 

-2 31.55 - 

-2 31.04 - 

-2 30.65 . 

-2 29.23 
-2 28.52 
-2 28.00 
-2 27.63 
-2 27.22 - 



-2634.6 ■ 

-2629.5 . 

-2613.0 ■ 

-2541.3 ■ 

-2523.3 ■ 

-2502.8 ■ 

-2494.4 - 

-2459.3 - 

-2421.0 - 

-2419.9 - 

-2395.8 - 
-2380.3 - 
-2367.3 - 
-2344.4 - 
-2329.7 - 



-0.26 —2434.1 

-0.20 -1798.7 

-0.49 -4771.1 

-0.21 -1868.4 

-0.22 -1987.9 



-0.15 -1302.1 
-0.49 -4789.0 
-0.18 -1541.4 
-0.23 -2107.5 
-0.38 -3664.8 -|-0.22 

-0,44 —4234.9 -1-0.22 
-0.23 -2137.3 --0.22 
-0.38 -3650.2 -j-0.22 
-0.50 -4830.3 -1-0.21 
-0.20 -1798.5 - -0.21 



-0.35 ■ 
-0.32 ■ 
-0.35 
-0.38 . 
-0.47 . 



-3296.1 4-0.21 
-2993.2 --0.21 
-3345.8 --0.20 
-3617.7 --0.20 
-4548.3 -H).20 

-1913.0 +0.20 
-2333.6 - -0.20 
-1828.3 --0 20 
-2210.0 - -0.19 
-I907.9 --0.19 



-2309.5 -1-0.13 +1605.8 -1-0.19 
-2286.0 -0.55 -5399.2 - -0.19 
-2273.3 -1-0.12 +1511.2 --0.19 
-2265.6 4-0.41 -1-4487.9 --0.19 
-2259.7 -0.41 -3977.2 -|-0.19 

-2238.4 -0.48 -4646.0 -1-0.18 
-2227.8 —0.49 —4725.7 --0.18 
-2220.0 -0.29 -2752.7 - -0.18 
-2214.5 -(-0.42 +4630.3 --0.18 
-2208.3 -fO.02 -I- 454.6 -|-0.I8 
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So. 


i- Uttw. G.P.B 








if 




mz 


36 


xin 


37 


xvnL c 


38 


A_ 


39 


X.Ci XIC 


40 


IV. A 


41 


LC 


42 


V. A 


43 


xn.« 


U 


XIV. c 


45» 


D."-. 


46 


IV. Bi V.B 


47 


XVI. F 


48 


XVI G 


49 


A'_, 


50 


V.C 


51 


X.D1 XI.D 


52 


V.C, 


53* 


II.«-. 


54 


Ic, 


55 


XEi XLE 


56 


v.t. 


57 


xvn. H 


58 


XVlLho 


59 


XVII. h. 


60 


X., 


61« 


VI. A; VULO 


62 


XV. P 


63 


XV g_, 


64 


XIV. D 


65 


xviad_ 


66* 


(•"-,)-. 


67 


xvn. I 


68 


XV. A 


69 


XIV. d, 


70 


VIILb, 


71 


xrv.d. 


72» 


(•'-,)-, 


73 


XVUI. 4_i 


74 


XVILi, 


75 


XVULD 


76 


A'" 


77 


IV. b, 


78 


V... 


79 


xn.G 


80 


XV. Gi XVL 



ii I" II II '^ 

M S\t Si ^a aJ 



Bq. 1B5T.0 Eq. 1867^ 

a— a, a-a, (^f 8—6, cO«r. 

Id Time. InHo.orAre. iDtso-ofAre. 



13.9 —2 26.79 —2201.8 —0.26 — 23G6.3 - 
10.3 —2 26.33 -2194.9 —0.50 -4890.6 - 
10.2 -2 24.26 -2163.9 +0.05 + 812.2 - 
10.8 -2 24.19 -2162.8 -0.14 -1182.0 - 

10.2 -2 23.90 -2158J5 +0.25 +2896.6 - 

11.5 —2 23.85 —2157.8 +0.11 +1441.6 - 
10.8 —2 23.20 —2148.0 +0.27 +3013.7 - 
14.8 —2 22.81 —2142.1 —0.21 —1927.7 - 
11.0 —2 22.19 -2132.8 —0.32 —3029.8 - 
14.8 -2 22.12 -2131.8 +0.16 +1909.8 - 

9.3 -2 22.00 -2130.0 +0.26 +2935.7 - 

9.2 -2 21.15 -2117.2 -0.42 -4012.0 - 

8.8 -2 20.75 -2111.2 -0.42 -4044.9 - 

10.8 —2 20.04 -2100.6 +0.02 + 511.3 - 
11.0 —2 20.01 —2100.1 +0.28 +3127.2 - 

11.0 -219.99 -2099.8 -0.15 -1261.7 - 

13.9 —2 19.29 —2089.4 +0.27 +3014.4 - 
14.8 -219.14 -2087.1 +0.18 +2140.9 - 
11.5 -2 19.14 -2087.1 +0.10 -|-13I2.0 - 

11.3 -218.48 -2077.2 -0.15 -1271.7 - 



-2065.6 +0.28 +3162.0 - 

-2055.5 —0.46 -4436.4 - 

-2055.3 -0.50 -4848.3 - 

-2047.8 -0.49 —4782.4 - 

-2030.1 -0.19 —1725.2 - 

-2022.1 +0.35 +3930.5 - 

-2020.1 -0.34 -3185.9 - 

-2017.4 -0.37 -3569.9 - 

-2016.2 -0.28 -2647.8 - 

-2016.1 -0.52 -5105.8 - 

-2011.6 -0.05 — 210.1 - 

-2009.1 -0.45 -4349.5 - 

-2008.5 —0.86 -3437.2 - 

-2008.5 —0.30 -2831.3 - 

-2006.6 +0.39 +4382.9 - 

-1995.9 -0.29 -2709.6 - 

-1989.5 -0.01 + 198.8 - 

-1986.1 —0.51 —4923.2 - 

-1979.1 -0.45 -4306.7 - 

-1978.7 -0J3 -6217J - 

-1960.7 -0.09 - 702.2 - 

-1960.6 +0.26 +2907.0 - 

-1957.6 4-0-28 +3164.1 - 

-1948.4 -0.24 -2241.6 - 

-1947.1 -0.38 -3601.0 - 



1.S.9 


-2 17.71 


11.. 5 


-2 17.03 


LLS 


-2 17.02 


I.S..1 


-2 16.52 


13.1 


-2 16.34 


11. !i 


-2 14.81 


ILi) 


-2 14.67 


1.S.9 


-2 14.49 


10.H 


-2 14.41 


13.» 


-2 14.41 


10.8 


—214.11 


11.0 


-213.94 


12..<t 


-2 13.90 


1.S.1 


-2 13.90 


14.8 


-2 13.77 


1.S.1 


—2 13.06 


1.S.1 


-2 12.63 


10.2 


-2 12.41 


14.H 


-2 11.94 


».« 


-211.91 


10.S 


_2 10.71 


1S.1I 


-2 10.71 


1.1.1 


-2 10.51 


ll..^ 


-2 9.89 


11.2 


-2 9.81 
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Letter. O. P. Bond. 



.1 j<a 



II 



VI.., 
XVLH 

IV. w 
XVU, i, 

XV. ft 
1X.C 

xrvd, 
vni. c_, 

XVllL d, 

XIV. d^ 

xn. H 

Vin C; VI. «, 

IX.D 

IX. d, 

V.d_. 

rv. c 

IX. d, 

V. D 

xvin. E 

Vt. b_, 

VIIL<^1 IX. cj 

VI. B 

XVm. g_, ; XVHL 1^ 

IX (^ 

XV. b_^ 

XVI b, 

XV. b_, 

XVILK 

XIV. e_, 

XVIILe, 

XV. i_. 

IX. «^ 

VI b,; vm.«^ 

XVI. h, 

XIV. E 
XVI. L, 

XV. h_, 

XIV. eii XV.i_, 

■-« 

XILI 
XII i, 
XVIIIP; XVII. k, 



10.4 
13.9 
13.1 
13.9 



-2 9.13 —1937.0 —0.01 + 150.9 

-2 8.87 —1933.0 +0.35 -i-3844.9 

-2 8.55 -1928.2 -0.42 -4040.8 

-2 8.19 -1922.9 -|-0.24 +2767.4 

-2 7.43 -1911.4 -0.47 -4600.9 

-2 7.25 —1908.7 — O.SG -3473.1 

-2 7.15 -1907.2 +0.45 +4889.6 

-2 6.65 —1899.7 -0.30 -2846.2 

-2 6.56 -1898.4 +0.39 +4241.4 

-2 6.41 -1896.2 -0.56 -5437.1 +0-15 



-2 6.39 . 

-2 6.31 - 

-2 5.62 - 

-2 5.35 . 

-2 4.85 - 



11.5 - 

12.3 - 

11.9 - 

12.3 - 

13.1 - 

13.1 - 



13.5 ■ 
10.8 - 

11.7 ■ 

14.8 - 



-2 3.96 - 
-2 3.71 - 
-2 2.91 - 

-2 2.47 • 

-2 2.47 - 

-2 2.25 - 

-2 1.97 - 

-2 1.91 - 

-2 1.13 - 

-2 0.59 - 

-2 0.55 - 

-2 0.34 - 

-2 0.23 - 

-1 5929 . 
-1 59.12 - 
-158.92 - 
-158.77 - 
-158.65 - 

-1 58.64 - 
-1 58.55 - 
-1 58.52 - 
-1 57.87 - 
-157.85 - 

-157.51 - 
- 1 57.43 - 
-157.42 - 
-157.39 - 
-157.03 - 



1895.9 -0.81 -2946.9 +0.15 

■ 1894.7 -0.28 -2063.1 +0.15 

■ 1884.3 +0.37 +40965 +0-15 
-1880.3 +0.47 +5078.8 +0.15 
■1872.8 +0.46 +5044.0 +0.15 



■^1871.0 +0.31 +3473.3 
-1870.3 --0.24 +2694.7 
-1859.4 +0.45 +4888.6 
-1855.7 +0.29 +3286.8 
-1843.7 — 0J2 —5089.8 



'KI5 



-1837.1 +0.34 +3730.4 - 

-1837.0 +0.41 +4481-8 - 

-1833.7 -0.37 -3589.7 - 

-1829.6 +0.33 •f3700.6 - 

-1828.7 -0.51 —4925.6 - 

-1817.0 +0.44 +4755.0 - 

-1808.9 —0.37 —8569.8 - 

-1808.2 —0.41 -3953 9 - 

-1805.1 -0.38 —3624.6 - 

-1803.5 —0.46 -4469.1 - 

-1789.3 —0.26 —2407.4 - 

-1786.8 —0.01 + 189.5 - 

-1783.8 -0.56 -5466.9 - 

-1781.5 —0.34 —3245.7 - 

-1779.7 -j-0.44 +4814.8 - 

-1779.6 +0.36 +3967.0 - 

-1778.3 —0.40 -3866.2 - 

-1777.8 —0.28 —2618.7 - 

-1768.0 —0.39 —3684.9 - 

-1767.7 -0.37 -3516.9 - 

-1762.6 -0-32 —3025.9 - 

-1761.5 +0.07 + 999.4 - 

-1761.3 -0.22 —1980.2 -- 

.1760.8 -0.26 -2415.9 - 

-1755.5 -0.50 —4827.8 - 
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No. 


J. 2 Lelt«r. G 


p. 


1-26 


V.d, 




127 


XVI. I 




!:>» 


XVI. i. 




l-2\) 


XV. i , 




131) 


IV. c, 





i: 



SS ta il 'I -S ^^ ^^ 



Eq. 1SGT.0 

Pree. e B Preo. 

CMt *'—<*• C6«f. 

In wo. or Arc 



XVII. L 



13C XTL K 

1-J7 XV. 1 

138 XV. io 

139 V. dj 

HO xvm. G 

14! xvm. g, 



XVI. i, 

XIV. e^ 



V.e, 
»-t 

IV. c,; V.^ 
XVLi, 

XV. ii 

n.a_i 

XVILiL., 
XVIU.g, 

n. A; IIL A 
XVILN 

IX. c« 
IV. D 
V.e, 
LD 
XVLK 



14.8 —1 57.03 —1755.4 -p).30 +3378.5 - 
9.5 — 15&37 —1745.5 —0.39 —3696.7 - 

13.1 -156.35 -1745.3 -0.43 -4100.5 - 

18.1 —156.27 -1744.1 —0.34 —3200.8 - 

13.9 -156.19 -17428 +0.23 +2657.9 - 

11.2 —155.86 -1737.9 -0.S8 -3597.4 - 

13.3 -1 55.71 -1735.6 +0.26 +2921.2 - 
14.8 — 154.5J -1717.7 -0.29 -2746.3 - 
10.2 —154.35 —1715.3 —0.06 — 312.4 - 
10.8 -154.23 -1713.5 -047 -4516.9 - 



11.3 - 



1S.9 - 
13.1 - 
H.8 - 
11.5 . 
11.0 ■ 



13.1 
11.0 
10.8 
12.3 



-154.11 - 

-153.77 - 

-1 53.75 - 

- 1 53.73 - 

-1 52J1 - 

-152.77 - 
~I 52.67 - 
-152.65 - 
-152J3 - 
-15158 - 

-151.87 . 

-151.49 . 

-141.41 ■ 

-151.23 - 

-151.11 . 

-150.75 ■ 
-150.53 ■ 
-1 50.05 - 
-1 49.8« - 
-1 49.75 - 



.1711.7 -0.22 -2007.0 - 

. 1706.5 -0.34 -3247.6 - 

-1706.3 —0.36 —3440.0 - 

-1706.0 +0.31 +3433.5 - 

-1693.7 —0.53 —5165.4 - 



■1691.5 -0.53 



) +0.47 
' +0.45 



5135.6 - 
■5130.9 - 
-4929.5 - 
- 322. - 



.1678.0 —0.39 —3734.6 - 
.1672.4 -0.31 -2933.7 - 
-1671.1 +0.28 +3157.4 - 
-1668.4 —0.47 —4598.6 - 
-1666.6 —0.41 —3925.9 - 

-1661.2 +0.31 +3493.3 - 
-1658j0 +0J)6 + 88"-l - 
-1650.7 +0.26 +2955.0 - 
-1647.9 —0.40 —3858.2 - 
-1646.2 —0.38 —3601.6 - 



13.1 —1 49.47 -1642.1 +0.16 +1920.1 - 

12.3 —149.17 -1637.5 —0.50 -4829.0 - 

13.1 —1 48.91 -1633.6 -0.50 -4818.3 - 

13.1 —1 48.88 -1633.2 +0.16 +1872.8 - 

9.7 -148.42 —1626.3 -0.49 -4798.1 - 



-148.13 . 

- 1 47.97 ■ 

-1 46.93 ■ 

-146.87 ■ 

-146.74 - 

-146 51 - 

-I 46.50 - 

-1 46.13 - 

-1 45.62 ■ 

-I 45.38 ■ 



-1621.9 +0.43 +4725.2 - 

-1619-6 - -0.21 - -2460.7 - 

-1603.9 - -0.30 - -3333.9 - 

-1603.1 -1-0.12 +1519.7 - 

1601.1 -0.43 -4134.3 - 

■ 1597.6 —0 26 —2396.6 - 

-1597.5 —0.29 —2783.2 - 

-1591.9 -j-0.43 -1-4720.3 - 

-1584.3 —0.42 -4009.6 - 

-1580.7 —0.16 —1334.7 - 



Digitized by CjOOQIC 



THB QBEAT NIXUU OF OKION. 



Lettsr. G. P. Bood. 



T.e, 
IV. d, 
VLc, 



II I- 11 ll ^ 

££ :!> :sJ :sa hJ 



Eq. 1S57.0 

Prec t s Pree. 

C6ef. """• CiMt. 

Inieo-of Arc. 



vnLd^ 
y'_, 

V.e, 
IX. c, 

xn.1, 

VIC 
XVILd, 

xvin.h„ 
xvnLU 



A" 

xrv. e, 

XV. k_, 
XILl, 
Vie, 
XV. k„, 

vnLd_, 

ILfti 



xvnLk, 

IX. Co 

XIV. f» 

VLc, 
XVILo., 

IV. ^ 

XV. k. 
IV. E 

xvm. h, 

XV. k. 



IX. c„ 

XVTLii, 



13.9 —1 45.01 —1575.1 

13.1 -1 44.S9 —1565.9 

13.9 —1 44.27 —1564.1 

12.3 —1 44.01 —1560.2 

13.9 -143.80 -1557.0 



10.8 -143.36 - 

14.8 -1 43.06 - 

11.5 -143.05 - 

13.1 -142.73 - 

14.8 —I 42.66 - 

14.8 —1 42.00 - 

11.5 -141.97 ■ 

13.1 —1 41.94 - 

12.3 -141.73 - 

9.8 -141.73 - 

12.3 -1 41.13 ■ 

14.8 -141.02 - 

12.3 -140.51 - 

14.8 -140.15 - 
10.7 -138.83 - 

13.9 -138.52 - 
13.9 —1 38.14 - 
13.9 -138.03 - 



t.36 -1-4026.5 -1-0.12 

).27 - -3031.8 --0.12 

).20 --2348.7 --0.12 

).37 - -4086.3 --0.I2 

).08 -I-1I20.0 4-0-12 

).08 -1-1083.1 -1-0.12 
).38 - -4233.6 
).03 - - 565.4 
).30 - -3353.8 
).46 - -5014.3 



13.9 



-1 37.59 



14.8 -137.56 - 

15.9 -137.14 - 
14.8 -136.66 - 

9.7 -136.45 " 
9.2 -I 36.36 - 

13.1 -136.23 - 

14.8 -135.65 - 

13.9 -134.75 - 
14.8 -134.74 - 
148 -134.65 - 

14.8 -134.61 - 

13.1 -134.60 - 

11.5 -134.59 - 

14.8 -133.73 - 

13.9 -132.59 - 

13.1 -131.68 - 

13.1 -131.68 - 

14.8 -131.18 - 

13.9 -130.93 - 

9.8 -130.87 - 



■ 1550.4 
-1545.9 
• 1545.7 
1540.9 
■1539.9 



-1580.0 -0.24 -2166.5 
-1529.6 -)-0.33 -1-3661.0 
-1529.1 -0.45 -4316.4 
-1526.0 -0.51 -4935.9 
-1526.0 -0.51 -4974.9 



1507.6 --0.37 - -4074.4 - -0.11 



230.2 

■ H77.8 -0.28 -2616.6 
-1472.1 —0.33 —3060.9 
-1470.4 -0.20 -1787.8 
-1470.4 -1-0.38 -1-4164.0 
-1463.9 -0.37 -3554.6 



-1463.4 -1-0.39 -4-4313.3 -1-0.11 

.1457.1 --0.17 - -2011.8 --0.11 

■1449.9 - -0.45 - -4949.6 - -O.ll 

-1446.8 -1-0.10 -1-1332.5 

-1445.4 -0.38 -3593.0 

■1443.4 —0.52 —5059.6 

-1434.7 -1-0.45 -1-4927.8 

-1421.2 —0.30 — 2850J 

-U21.1 +0.85 -1-3875.2 

■1419.8 —0.45 —4336.2 -f-O.U 

■H19.2 -1-0.25 -1-2847.6 -1-0.11 

■1419.0 —0.86 —3439.8 4-0.11 

1418.9 -1-0.22 -1-2582.4 -L-0,11 

1406.0 -0.53 —5137.4 -U.IO 

• 1388.9 -0.38 -3579.4 4~0.10 



-1375.2 -0.02 4- 123.5 - 

-1375.2 -U).03 4- 539.5 - 

-1367.7 -1-0.47 -1-5129.1 - 

-1364J) -0.47 -4565.5 - 

-1363.1 -1-0.05 -I- 806.6 - 



0.10 
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Eq. 1857.0 Eq. 1SMJ> 

. _ . _ ■ Preo. E t Free 

a— a, a— a, (^, 6—6. ^0^-. 

a Time. Inue.oTArc. fa toe of Arc. 



816 


•"1 


217 


XVnLh, 


213 


v.c, 


219 


IV.., 


220 


IX. Cm 


221 


XVI. nu, 


222 


«'", 


223 


IV .^ 


224 


IX. c„ 


225 


XVIL ._, 


226 


xn. H 


227 


VI d_, 


228 


L., 


229 


xn. m, 


230» 


XVI M 


231 


IX. .„ 


232 2 


B"i B"' 


233 


VlDiVllAiVnLD 


234 


i.«,;«, 


235 


X Gi XI G 


236 


XV. k. 


237 


VI. d, 


238 


VLd, 


239 


XV. k. 


240 


VLd, 


241 


.', 


242 


W 


248 


x.g, 


244 


V.P 


245 


CLc,, 


246 3 


C" 


247 4 


IV" 


248 


xvn. 


249 


■» 


230 


VI. E; Vn. B; vm E 


251 


xvin. I 


252 


XVULK 


253 


14 


254 


LP 


255 


XV. L 


256 


xvmk, 


257 


VLe, 


258 


n.B; ntB 


259 


X.& 



14.8 ■ 

12.3 ■ 

14.8 ■ 
14.6 - 

13.1 - 

13.9 ■ 
13.9 - 



14.2 - 

10.3 - 
10.8 - 
11.8 - 



12.3 
14.2 
13.9 



10.7 ■ 

10.0 ■ 

13.9 - 

11.5 - 

1].5 - 



13.1 ■ 
10.5 - 
14.8 ■ 

14.2 ■ 



-1 30.83 
-1 30.74 
-130.73 
-130.59 
-X 29.91 

-1 29.42 



-1 28.11 - 

-127.52 - 

-1 26.97 - 

-1 26.85 - 



-1 26.63 - 
- 1 26.53 - 
-1 26.52 - 
-1 26.41 - 
-1 26.18 • 

- 1 25.85 - 
-1 25.38 ■ 
-1 24.64 ' 
-1 24.36 . 
-1 23.65 . 

-123.53 - 
-123.03 - 
-1 22.93 - 
-121.73 - 
-121.13 - 



-1 20.15 - 
-1 19.87 ■ 
-1 19.68 - 

-I 19.03 ■ 
-1 17.90 ■ 
-1 17.87 . 
-1 17.86 ■ 
-1 17.17 ■ 



-1362.5 -0.07 - 482.5 
-1361.1 -0.52 -5053.6 
-1361.0 -j-0.31 -j-3466.6 
-1358.9 -M).23 +2603.2 
-1348.6 +0.45 +4939.7 

-1341.3 —0.39 —3679.5 

-1339.2 —0.10 — 691.8 

-1329.0 +0.23 +2666.1 

-1326.2 +0.46 4-5016.4 

-1322.2 -0.45 -4351.1 



■ 1321.7 —0.23 -2048.7 +0.10 
-1312.8 +0.36 +4034.6 +0-09 

■ 1304.6 +0-12 +1*77.1 +0.09 

■ 1302.8 -0.25 -2246.1 A-Om 
-1299.9 —0.41 -3905.8 +0.09 



-1299.4 +0.43 +4710.6 
-1298.0 -0.i>8 — 581.6 
-1297.8 +0.37 +4099.0 
-1296.1 +0.09 +1168.8 
-1292.7 -0.16 -1359.4 

-1287.7 -0.37 -3469.6 
-1280.7 +0.35 +3845.4 
-1269.6 +0.36 +3994.9 
-1265.4 -0.36 -3454.7 
-1254.7 +0.36 +4029.7 

-1253.0 -0.01 + 200.5 
-1245.5 +0.01 + 391.8 
-1243.9 —0.15 —1301.0 
-1226.0 +0.31 +3483.5 
-1216.9 +0.43 +4670.7 

-1207.5 -0.10 - 793.9 
-1208.6 -0.12 — 944.2 
-1202.2 -0.46 -4435.8 
-1198.1 +0.07 + 969.0 
-1195.2 -H»-S* +8920.1 



■ 1185.5 -0.50 -4897.9 +0.08 
1168.5 -0.56 -5426.4 +0.08 

■ 1168.1 +0.12 +1546.9 +0.08 
1167.9 +0.n +1384.5 +0.08 
1157.5 —0.35 —3350.9 +0.08 

-1153.5 -0.55 -5376.8 +008 



■ 1 16.69 —1150.4 4-0.36 -4-3968.1 



1 16.66 - 
1 16.40 ■ 
■ 1 16.23 - 



1149.9 +0.20 +2303.4 - -0.«8 
-1146.0 -0.19 —1634.9 -f-0.08 
-1143.5 —0.10 — 761.7 -|-0.y8 
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.« LMMt. 0. P. BoDd. 


261 
262 
263 
264 
265 


T. G ; Vn. C ; TI. (^ 

XIV. G 

xvn. 0, 

XV. m„ 
XV. M 


266 
267 
268 
269* 
270 


xn.D_, 

IX. e_ 

ix.^ 

IX. e_, 


271 
272 
273 
274 
275 


XVI. m, 

CLE 

If, 

vni. ^ 
vni. F 


276 
277 
278 

279 
280 


xvm. I , 

XILN 
XIV. H 

IV. e. 


2S1 

282 
283 
284 
285 


Vffl. f, 
ILC; m.C 

v.g. 

VLF; V1I.I> 


286* 
287 


Vl.(i; VnLg., 
IX. P 



II 



II II if -™ 



291 


VIU.G; VLf, 


292 


B 


293 


Vm. H ; VL ^ 


294- 


n.D; m.D 


295 


XV. 1, 


296 


xn.B, 


297 


IV. F 


298 


vm-g, 


299 


xvm. L 


300 


IX. f, 


301 


n. d, 


302 


IV. G 


303 


5 C; C" 


304 


V.h, 


305 


V. H 



S Eq. 1BST.0 Eq. ISST-O 

- „ „ „ Pne. s B Prec. 

a " "• ° "^ COer. «-«» C6Bf. 

im<. IniecofArc. InMcoTArc. 



10.2 -116.05 -1140.7 +0.32 +3561.1 - 

11.5 —115.41 —1131.2 -0.29 —2704.0 - 

13.9 —115.13 —1126.9 -0.50 —4796.7 - 

11.5 —114.79 —1121.8 —0.33 —3125.4 - 

10.8 —1 14.76 —1121.4 -0.36 —3401.7 - 



14.8 - 

14.8 ■ 

14.8 ■ 

12.3 . 



11.5 
10.8 
13.1 



11.5 . 

13.9 - 

12.3 - 

10.4 - 

18.1 - 
11.0 

13.9 . 

13.1 . 

13.1 ■ 



-1 14.53 - 

-1 14.32 - 

-1 14.32 - 

-1 14.22 . 

-1 13.98 - 

-1 13.65 - 

-1 13.46 . 

-1 13.34 . 

-1 12.67 - 

-1 12.66 - 

-1 12.58 - 

-1 12.57 - 

-1 11.52 - 

-1 11.42 - 

-1 11.09 - 

-1 10.91 - 

-1 9.85 - 

-1 9.63 ■ 



-1117.9 —0.21 -1827.3 

-1114.8 +0.43 +4712.8 

-1114.8 +0.43 +4728.7 

-1113.3 +0.46 -\-50n.7 

1109.7 —0.11 — 803.7 

■ 1104.8 -0.42 -4048.1 

■ 1101.9 +0.44 +4870.2 
-1100.1 4-0.10 
-1090.0 -1-0.40 

■ 1089.9 4-0.39 -1-4342.5 -|-0.07 

-1088.7 -0.11 - 826.6 
-1088.5 -0.54 -5246.9 
-1072.8 —0.21 —1911.9 
-1071.3 —0.28 —2546.4 
-1066.4 +0.23 +2616.4 +0.07 



-1063.7 +0.40 
-1047.8 
■ 1044.5 
-1041.3 
-1040.2 -1-0.34 



- -4372.4 +0.07 
.3 - -0.07 
.3 - -0.07 

- -33581 - -0.07 

- -3801.7 - -0.07 



10.4 -1 8.40 - 

11.2 —1 8.38 ■ 

11.0 —1 8.28 - 

11.2 —1 7.59 - 

14.8 -1 7.26 ■ 



-1039.8 -1-0.36 +4008.8 -1-0.07 

-1037.4 --0.44 - -4870.2 

-1037.0 --0.03 -- 569.2 

-1036.6 -1-0.29 4-3284.3 

-1031.7 -0.04 - 173.8 

-1026.0 -1-0.37 +4120.4 

-1025.7 --0.05 ' - 

-1024.2 --0.36 

-1013.9 4-O.lG 

-1008.9 —0.37 -3469.5 -1-0.07 



.05 4-771.8 
.36 4-3946.2 
.16 4-1951.4 



14.2 -1 G.77 -1001.5 —0.22 —1958.9 -1-0.06 

11.0 -1 C,51 ~ 997.6 -1-0.25 +2847.7 4-0.06 

14.8 -1 6.46 - 996.9 -j-0.38 4-4194-2 4-0.06 

8.9 -1 6.32 — 994.8 —0.54 —5230.8 -j-0.06 

14.8 -1 5.67 ~ 985.1 -|-0.46 -|-5074.6 4-0.06 



-1 5.63 - 

-1 5.60 - 

-1 5.28 - 

-1 4.73 - 

-1 4.71 - 



984.5 -f0.16 
984.0 4-0.23 
979.2 -0.03 
971.0 -1-0.29 
970.7 4-0.27 



- -1962.4 -f-0.06 

- -2688.4 - -0.06 
-- 13.9 --0.06 

- -3240.6 - -0.06 

- -3093.3 - -0.06 
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1 ti 



Eq. 18iT.O Eq. 1B6T.0 

n „ ^ Vna. B t Free. 

lnM. Inieo.ofAro. IntM.arArc. 



806 


YS-U 


307 


XIV. h, 


308 


VL4; VnLg, 


309 


IX n 


310 


IX.4 


311 


6 C 


312 


XV. n^ 


313 


XVI H 


314 


8 B" 


815 


7 B" 


816 


V.I 


317 


rxr. 


818 


VI. h_. 


819 


Xh_, 


820 


vnLg, 


821 


V.i, 


322 


xvn. p 


328 


9 F" 


324 


xvni.M 


325 


VHE; VLli_, 


326 


Cl 


327 


XVLO 


828' 


VI. Gi vmi 


329 


P", 


880 


Vll,_ 


881 


v.i,; IT. L, 


332 


<"', 


333 


n.._,irv.b_, 


334 


IX. G 


885 


10 E" 


836 


xvin.in, 


337 


v.k. 


338 


T.K 


339* 


e"_, 


340 


VI.1._, 


341 


n.c^ 


342 


nLb, 


343 


IV. H 


344 


I. G 


345 


IX. H 


846 


11 G"' 


847' 


15 e", 


848 


X.Hi XIH 


849 


IX. h. 


850 


ILE; HLE 



(0 
(i) 



(') 



^% 1 , 

14.8 —1 8.62 — 954'3 -f-0^41 44531.5 

14.8 —1 3.40 —951.0 —0.30 —2735.8 

12.3 -1 3.21 -948.2 -1-0.37 -1-4090.1 

13.3 -1 2.67 -940.1 4-0.46 4-5044.7 

14.8 -1 2.62 -939.3 -j-0.41 -|-4533.5 +0.0 

10.7 -1 1.88 -928.2 -|-0.04 -|- 681.9 - 

14.8 -1 1.76 —926.4 -0.37 -3559.2 - 
9.7 —1 1.55 —923.3 —0.43 —4090.0 - 

J5„ 11.4 —1 1.54 ^923.1 —0.06 — 307.8 4-0.0 

10.2 —1 1.42 —921.3 —0.11 — 825.4- -0.0 



11.5 ■ 



14.8 - 
10.2 - 
10.7 • 
9.3 
10.8 

11.5 
10.8 

10.4 ■ 
14.2 ■ 

11.5 . 



13.1 
11.0 
10.9 



-1 1.03 - 
-1 0.64 - 
-1 0.53 - 
-1 0.03 - 
-0 59.97 - 

-0 59.53 - 
-0 59.23 - 
-0 59.09 ■ 
-0 59.02 - 
-0 58.84 ■ 

-058.78 - 
-0 58.57 - 
-0 58.43 - 
-0 57.84 - 
-0 57.80 - 

-057.70 - 

-0 57.59 - 

-0 57.43 - 

-0 57.24 - 



-915.4 -t-0.29 -1-3274.5 - 

-909.6 4-0.42 4-4656.0 - 

-908.0 -1-0.33 4-3716.1 - 

-900.5 —0.17 -1415.4 - 

-899.6 -1-0.39 -1-4343.6 - 

-892.9 -H>.29 4-3264.5 - 

-888.5 -0.50 -4794.6 - 

-886.4 —0.11 — 816.6 - 

-885.3 -0,55 -6314.5 - 

-882.6 -f 0.33 -)-3700.S - 

-881.7 -1-0.08 -f-1 105.6 - 

-878.5 -0.39 -3745.9 - 

-876.5 -1-0.35 4-3870.6 - 

-867.6 -0.09 — 626,9 - 

-867.0 -f-0.34 -i-3765.9 -|-0.05 



-861.4 -j-0.20 -4-2369.1 -fO.O. 
-858.6 -)-0.42 -1-4581.4 -1-0.0. 



12.3 . 

12.3 . 

11.5 . 

11.5 . 

11.0 . 

10.7 . 

14.8 - 
11.5 - 
11.5 ■ 



-0 56.77 - 
-0 56.05 - 
-0 56.02 - 
-0 55.98 - 
-0 55.80 - 

-0 55.76 - 
-0 55.69 - 
-0 55.09 - 
-0 55.67 - 
-0 55.64 - 

-0 55.56 - 

-0 55.29 - 

-0 55.07 - 

-0 54.70 - 

-0 54.50 - 



-851J5 
-840.8 
-840.8 



t -1-3503.9 
S -1-3175.0 



-0.55 -5341.6 

-0.07 - 446.6 
-fO.35 -f 3900.5 -1-0.05 



■2821.8 -1-0.05 
- -5063.7 - -0.05 
■241 1.G --0.05 
■1527.3 - -0.05 
4585.5 - -0.05 



-833.4 
-829.4 
-826.0 
-820.5 
-817.5 



-i-0.42 -I-. 

-0.12 — 947.1 -1-0.05 
-0.07 - 462.6 
—0.20 —1717.1 



-1-0.47 -1-5139.6 
-1-0.18 -1-2098.0 
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No. ;».- Leuar. 0. P. Bood. 


li 1 11 1 


351 II. e, 
362 IX. h, 
853 V. k, 

354 IX. b, 

355 IX. b. 




356 IX. h, 

357* Vin.g,;IX.h, 

358 VI H; vn. F 

359 VI. h. 

360 XVnLN 




361 Lg, 

362 VL b, 

363 12 IV 

364 IV. I ; T. L 

365 XVILQ 


B 54 


366 IX. hg 

367 DLL, 

368 XVILq, 

369 V. in_, 

370 13 e". 


« 


371 Lg, 

372 XU. o_^ 
378 14 F" 
374 V. ni_, 
875 ILe, 




376 XIV. I 

377 16 G" 

378 g", 

879 XIV. fc_, 

380 g"', 


t 


381 V. M 

382 17 H" 

383 XVILq, 

384 X. L, 

385 XILO 


60 


386 XVHL o_, 

387 18 I" 

388 XVHL o_, 

389 XIV. K 
890 VLh, 


t 44 


391 XVL P 

392 XIV. k, 

393 XIV. L 

394 V. m. 





1 tl 



) Eq. 1BU.0 

^ Preo. c; J Prec 

"*• Coof. *'~''o Cbef. 

K. of Ato. Id m«. of Are. 



11.5 -0 54.45 -816.7 

11.5 -0 54.39 -815.9 

12.3 -0 54.32 -814.8 
14.8 —0 53.68 —805.2 
14.8 -0 53.68 -805.2 

13.1 -0.^3.45 —801.7 

13.4 —0 53.38 -800.7 
9.2 -0 53.34 —800.1 

14.8 -0 53.31 -799.7 

10.8 -0 52.51 -787.7 



0.46 



- -2161.8 4-0.05 

- -1591.4 - -0.05 

- -3249.7 - -0.05 

- -4950.1 - -0.05 

- -4980.0 -f-0.05 



13.1 -0 52.17 ■ 

12.3 -0 51.81 ■ 

10.7 -0 51.49 ■ 

9.6 -0 50.91 ■ 

9.7 -0 50.84 - 

14.8 -0 50.68 ■ 
14.8 -0 50.64 ■ 
14.8 -0 50.58 ■ 

9.9 -0 50.05 ■ 

13.3 -0 49.77 - 

14.8 -0 49.65 - 

18.1 -0 49.45 - 

12.0 -0 48.86 ■ 

10.2 -0 48.75 - 
14.8 -0 48.43 - 

11.5 -0 48.43 - 

p, 11.3 -0 48.27 ■ 

14.8 -0 48.02 . 

14.8 -0 47.61 - 

18.3 -0 47.56 - 

8.9 -0 47.02 - 

11.7 -0 46.90 - 

14.2 -0 46.83 - 

13.9 —0 46.67 - 
11.5 -0 46.21 - 

13.1 —0 45.98 - 

10.4 -0 45.84 - 
13.1 —0 45.73 - 

10.8 —0 45.61 - 

12.3 —0 45.28 - 

n.5 -0 45.07 ■ 

14.8 -0 44.86 ■ 

10.8 -0 44.52 ■ 

11.7 -0 44.05 - 

11.5 -0 44.04 - 



-782.5 
-777.2 
-772.4 
-763.7 
-762.6 

-760.2 
-759.6 
-758.7 
-730.8 
-746.6 

-744.7 
-741.8 
-732.9 
-781.8 
-726.4 

-726.4 
-724.1 
-720.3 
-714.1 
-713.4 

-705.3 
-703.5 
-702.4 
-700.1 



f-0.46 -|-5044.8 -1-0 05 

W).4I - -4467.0 --0 

Ul.33 - -3653.0 - -0 

[-0.35 -i-3930.4 - -0 

-0.56 -5466.0 - -0 



-1-0.13 -1-1572.2 
-1-0.35 --3912.5 
-0.02 - - 66.3 

-1-0.26 4-2987.7 
-0.47 -4563.1 



-U).45 -1-4945.1 - 

-1-0.41 -1-4563.4 - 

—0.50 -4824.4 - 

-1-0.31 -1-3506.9 - 

-0.08 - 66.3 -1-0.04 

-1-0.10 -f-1323.0 -1-0.04 

-0.25 -2275.6 - -0.04 

-0.03 - 70.5 - -0.04 

-W).31 4-3506.9 - -0.04 

-1-0.17 4-2002.3 4-0.04 

.04 



0.27 


-2486.3 -1-0 


(t.OH 


- 525.0 - -0. 


0.04 


- 107.1 - -0 


(t.31 


-2875.2 - -0. 


0.14 


-1106.2 4-0. 



-fO.29 -1-3236.9 - 
—0.03 — 45.0 - 
—0.50 —4814.4 - 
-0.17 -1438.2 - 
-0.24 -2207.8 -|-0.04 

-0.56 -5486.3 - 

-0.05 - 252.2 -. 

-0.54 -5276.5 - 

-0.30 -2835.2 - 

-)-0-S3 -1-3697.4 4-0.03 

-0.39 -8745.7 - 

—0.30 —2750.5 - 

—0.28 —2566.0 - 

4-0.31 4-3492.0 - 

4-0-30 4-3347.5 - 
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Eq. 186T.0 Eq. 1851.0 

_ „ Pi»c. s s Free. 

'inie. InMCofAro. Inucof Arc. 



I -G59.8 +0. 
I -650.4 -U. 
I -646.8 -\-0. 



40 +4405.6 4-0.03 



-0 43.9E 

-0 43.36 -650.4 -1-0.22 -1-2519.0 - 

-0 43.12 -646.8 -j-O.OO - -1211.4 - 

-0 42.99 -644.9 -0.03 -j- 15.4 - 

-0 42.79 -641.9 -0.47 -4535.1 -1-0.03 



9.3 ■ 
12.3 - 



-640.2 
-635.1 
-633.4 



' Lawell'i numban i 



-0 42.68 . 

-0 42.34 ■ 

-0 42.23 - 

-0 41.77 - 

-0 41.76 ■ 

-0 40.88 - 

-0 40.62 - 

-0 40.61 ■ 

-0 40.59 - 

-0 40.50 - 

-0 40.48 . 

-0 40.06 . 

-0 39.56 ■ 

-0 39.09 ■ 

-0 39.04 . 

-0 39.03 ■ 

-0 38.62 ■ 
-0 38.37 

-0 38.31 ■ 
-0 38.25 

-0 37.76 ■ 

-0 37J}0 ■ 

-0 37.22 . 

-0 36.93 ■ 

-0 36.47 ■ 

-0 36.44 . 

-0 36.44 . 

-0 36.33 . 

-0 36.30 - 

-0 36.15 . 

-0 35.77 ■ 

-0 35.77 . 

-0 35.76 . 

-0 35.34 . 

-0 35.34 . 

-0 35.33 - 

-0 35.06 . 

-0 35.06 . 

-0 34.92 . 

-0 34 92 ■ 



■e a\to included in ttiis colnmn. 



-0.16 -1353.9 - 
-0.06 - 314.2 - 
-0.52 -5086.9 - 
—0.14 —1181.1 - 
-1-0.11 -1-1400.9 - 



-1-0.35 +39] 
-1-0.47 4-51 J 
-1-0.46 4-50^ 



-607.5 -0.14 -i: 



13.9 . 
14.2 . 
12.3 
11.5 
13.1 



-601.0 
-593.4 
-586.4 
-585.6 

-585.4 
-577.8 
-575.6 
-574.7 
-5733 

-566.4 
-562.5 



-544.9 
-544.5 
-542.2 

-536.6 
-536.6 



-0.52 -5091.9 - 
-0.40 -3830.6 - 
—0.10 — 776.6 - 
-1-0.33 -1-3701.4 - 
-0.47 -4572.0 - 

-1-0.86 -1-3947.9 - 
-0.28 -2536.2 - 
-1-0.22 +2568.9 - 
—0.10 - 701.7 - 
+0.31 -1-3525.0 - 

-1-0.11 +1472.6 - 
-0.13 -1076.2 - 
+0.05 + 790.8 - 
4-0.31 4-3502.1 - 
-1-0.32 -1-3583.5 - 

-1-0.18 +2096.2 - 
—0.03 — 71.1 - 
+0.43 +4716.2 - 
—0.45 —4331.5 - 
—0.05 — 206.8 - 

-0.23 —2068.0 - 

-0.28 -2575.9 - 

-l-O.U +1404.9 - 

—0.13 —1014.6 - 

-0.03 + 30,9 - 

+0.43 +4716.2 - 

-0.19 -1619.4 - 

-j-0.07 + 963.4 - 

4-0.30 4-3419.4 - 

4-0.30 4-3384.5 - 



-0.02 
-0.02 

-0.02 
-0.02 



-0.02 
-0.02- 

-0.02 
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XVII. T 
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VI. i. 


466 


IV. i. 


467 34 y" 






|i I" 11 
s= =3: Ja 



471 


1"', 


472 


VI. k_. 


473 


X.i, 


474* 


ll.t.,;iv.i. 


475 


U.«, 


476 


VI. i. 


477 


VI. 1, 


478 


1'". 


479 35 P 


480 


XL; XI. L 


481 


XlLp, 


482 


IX K 


483 


IX k. 



^"g In Time. IniecarArc. iDicc.ofArc. 

13.1 -OSi'rs — 520''9 -o's.5 — 531fi.'4 - 

10.8 -0 34.72 -520.8 +0.30 +3357.6 - 

13.1 -0 34.64 -519.6 -|-0.04 -f- 649.4 - 

13.1 -034.18 -512.7 -0.16 —1320.4- 

14.8 -034.00 -510.0 -O.U -1112.2 - 



10.8 —0 33.91 —608.7 —0.56 ■ 

13.1 -0 33.89 -508.4 +0.24- 

12.3 -0 33.85 -507.8 -|-0.20 - 

10.5 —0 33.03 -495.5 0.00 - 

11.5 —032.87 —493.1 +0.13 - 



5444.8 - 

-2818.3 - 

-2394,4 - 

- 290.3 - 

-1642.0 - 



10.3 —0 32.87 - 

13.9 -0 32.79 - 

12.3 -0 32.71 - 

14.8 -0 32.30 - 
11.2 —0 32.18 - 

11.5 —0 31.45 - 

13.9 -0 31.01 - 
2 46 (, 11.2 —0 30.98 - 

14.8 -0 30.94 ■ 

14.8 -0 30.69 - 

9.9 -0 30.58 - 

14.8 -0 29.61 . 

10.8 -0 29.55 ■ 

14.2 -0 29.50 . 

13.1 —0 28.86 - 



14.8 . 



-0 28.73 
-0 28.56 
-0 28.39 



14.8 —0 27.73 - 

12.3 —0 27.69 - 

13.1 -0 27.61 ■ 

13.1 -0 27.44 - 

14.8 -0 27.10 - 

14.8 -0 26.91 ■ 

13.9,-0 26.73 . 

10.0 -0 26.69 ■ 

10.2 -0 26.61 . 

11.7 -0 26.52 - 
8.7 -0 26.45 - 

14.8 -0 26.23 - 

13.9 -0 26.17 - 
13.9 -0 25.98 - 



-490.6 
-484.5 

-482.7 

-471.8 
-465.2 
-464.7 
-464.2 
-460.4 

-458.7 
-444.2 
-443.2 
-442.5 
-432.9 

-432.9 
-431.0 
-428.4 
-425.9 



■0.46 +5069.8 
■0.40 +4373.8 
■0.29 4-3252.9 
■0.41 4-1543.2 
.0.36 +3947.5 



-0.44 -4285.7 -1-0.01 



0.24 —2115.9 

0.04 — 107.8 

+0.18 +2140.1 



+0.41 +4521.8 -i-0.01 

-0.24 —2175.7 +0.01 

+0.36 +3965.5 4-0.01 

-0.46 -4473.1 +0.01 

-0.12 — 946.4 4-0.01 

-)-0.35 -(-3890.8 -j-O.OI 

+0.21 +2479.2 +0.01 

-0.09 - G58 6 

-0.19 —1684.2 

+0.25 +2866.2 

—0.24 —2138.8 



-420.0 -0.11 — 836.5 - 

-416.0 +0.33 +3698.5 - 

-415.4 —0.15 —1230.7 - 

-414.2 4-0.20 +2376.4 - 

-411.6 -i-0.18 +2116.2 - 

-406.5 +0.34 +3811.2 - 

-403.7 -i-0.35 +3876.0 - 

-401.0 —0.14 —1126.1 - 

-400.4 —0.02 + 272.3 - 

-399.2 -0.20 —1725.3 - 

-397.8 -0.23 -2083.9 - 

-396.7 -j-0.42 +4597.8 - 

-393.5 - -0.46 -1-5015.3 - 

-392.6 - -0.22 +2587.0 - 

-389.8 --0.33 --8698.6 - 
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Ci«f. 


486 XII. Q ; XUI. 1> 




9.4 


-0'25.*93 


-388.9 


-0.24 -2199.1 


g'm 


487 VI. k_, 




14.2 


-0 25.72 


-385.8 


+0.32 +3606.9 
+0.29 +3255.0 


0.00 


488 V. n. 




13.1 


-0 25.71 


-385.6 


0.00 


489 XII. B; Xia C 




9.0 


-0 25.43 


-381.4 


-0.25 -2227.0 


0.00 


4'JO 36 1", 


48 


;, 14.2 


-0 25.38 


-380.7 


-0.03 - 49.3 


0.00 


491 V. 




11.5 


-0 24.61 


-369.2 


+0.26 +3016.0 
+0.119 +1188.5 


0.00 


492 tt 




13.9 


-0 24.56 


-368.4 


0.0() 


493 in'", 




12.3 


-0 24 50 


-367.5 


-0.14 -1146.1 


ooo 


494 VI. K; VII. 11 




10.0 


-0 24.49 


-367.4 


+0.34 +37G0.0 


0.00 


495 XII. r, 




12.3 


-0 23.99 


-359.9 


-0.26 -2345.0 


0.00 


496 VIII. n_. 




14.8 


-0 23.91 


-358.7 


+0.39 +4334.1 


0.00 


497 37 M"; M'" 


K 37 


q 9.9 


-0 23.74 


-356.1 


-0.09 - .592.2 


0.00 


i<JS II. e. 




13.9 


-0 22.94 


-344.1 


- -0.18 +2092.4 

- -0.34 +3841.1 


0.00 


499 VI. k, 




13.1 


-0 22.50 


-337.5 


0.00 


500 CI 11. F; IILF 




9.4 


-0 22.21 


-333.1 


--0.19 +2240.7 


0.00 


501 XIII. D; XII. r, 

502 VI t, 




10.4 
13.1 


-0 21.52 
-0 21.24 


-322.8 

-318.6 




-0.23 —2086.9 


0.00 
0.00 


U).34 -1-3766.4 


503 VUl. n ., ; IX. k. 




14.4 


-0 20.81 


-312.1 


4-0.41 +4477.8 


0.00 


504 VI. L; VII. I 




9.0 


-0 20.75 


-311.2 


+0.33 +3722.1 


0.00 


505 40 N" 


N 38 


P 9.6 


-0 20.64 


-309.6 


-0.07 - 424.7 


0.00 


506 88 C; O" 


4 51 


I 11.3 


-0 20.40 


-306.0 


_0.03 + 5.6 


o.on 


507 XII. r. 




9.9 


-0 20.24 


-303.6 


-0.26 -2327.1 


0.00 


508 42 f. 




12.3 


-0 20.06 


-300.9 


4^.04 + 704.3 


0.00 


509 X. i, 




13.1 


-019.67 


-2!I5.1 


-0.17 -1400.1 


o.oo 


510 43 o", 


36 


q„ 13.1 


-019.39 


-290.9 


_0.08 - 505.9 


0.00 


511 m'". 




14.8 


-0 19.25 


-288.8 


-0.14 -1106.2 


0.00 


512 V.p, 




14.8 


-0 19.15 


-287.3 




-0.31 4-3471.3 


0.00 


513 V. P 




9.5 


-0 19.12 


-286.8 




-0.27 - -3102.6 


0.00 


5U IX. k. 




13.1 


-0 18.71 


-280.7 




-0.44 - -4815.9 


-0.01 


515 IX. k, 




13.9 


-0 18.50 


-277.5 


H 


-0.47 -1-5119.8 


-O.Ol 


516 41 o". 


49 


x„ 13.5 


-0 18.40 


-276.0 


-0.03 - 29.5 


-0.01 


517 VUI. N 




10.7 


-0 18.16 


-272.4 


. 4).39 +4272.4 


-0.01 


518 V.p, 




13.9 


-017 30 


-259.5 


- -0.26 +2980.9 

- -0.45 +4958.5 


-0.01 


519 IX. k. 




12.3 


-017.23 


-258.5 


-0.01 


520 XII. »_, 




14.8 


-0 17.04 


-255.6 


-0.21 -1876.5 


-0.01 


521 G 




10.2 


-016.77 


-251.6 


+0.08 +1094.3 


-0.01 


522 XIV. m_. 




14.2 


-0 1G.48 


-247.2 


-0.32 -2944.3 


-0.01 


523 45 T" 


r 5 40 


t 10.1 


-016.15 


-242.3 


-0.04 - U6.0 


-0.01 


524-44 k', 


63 


*, 12.5 


-0 16.09 


-241.4 


-0.03 + 16.8 


-0.01 


525 IX. k. 




14.8 


-0 15.98 


-239.7 


+0.46 +5010-4 


-0.01 


526 VI.M;Vn.K 




9.4 


-0 15.84 


-237.6 


+0.32 +3613.6 


-0.01 


527 X. i. 




14.8 


— 15.69- 


-235.3 


—0.15 -1270.4 


-0.01 


528 XV. N 




10,3 


-0 l.i.67 


-235.0 


-0.35 -33J7.3 


-0.01 


529 V. p, 




11.5 


-015.13 


-227.0 


+0.29 +8250.] 
+0.17 +2036.7 


-0.01 


530 C 3 II. f, 




13.1 


-01.1.13 


-226.9 


-0.01 
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IX. k, 
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xn. s; xm. E 
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XVU. U; XVIILQ 


541 


VLm, 
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544 


■VTao_, 
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p"i 


546 
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IV. k, ; IV. I, 
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XILT; xm. P 


551 •48 H' 
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556 
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5.i9 


VI. m. 


560 
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561 


T.p, 


562 


XII. t. 


6S3« 


k. 


564 


VI. m, 


665 


X.M; XLM 


566 52 


q"i 


567»51 


P- 
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569 


IX. u 


570 53 


R" 
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XIV. iii_, 
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13.1 -015.05 -225.8 -1-0.35 

14.2 —0 14.57 — 2I8.G - -0.02 
13.9 —0 14.41 —216.2 - -0.26 

10.3 —0 14.01 —210.2 --0.08 
12.3 —0 13.98 —209.7 - -0.45 



- -3856.1 -0.01 
-- 449.6 -0.01 
- -2981.1 -O.dl 
- -1062.5 —0.01 
-^985.4 —0.01 



8.7 -013.88 - 

13.1 —013.66 - 
11.5 —013.65 ■ 

8.0 -0 13.43 - 

10.8 -0 13.18 - 

11.7 -013.16 ■ 

10.2 —0 13.08 ■ 
X, 10.3 -0 13.07 ■ 

13.3 -0 13.05 ■ 
84 n„ 13.1 -013.03 ■ 

13.9 -012.97 ■ 

10.8 -012.97 ■ 

13.1 -012.17 ■ 

14.2 -011.97 ■ 
7,6 -011.71 - 

57 j ■ lO.l —011.67 - 

14.9 -011.28 - 
11.5 -011.07 - 

58 ^, 9.0 —0 10.87 ■ 

10.8 —0 10.81 - 

9.3 -010.71 - 

11.5 -010.64 - 

39 V 10.7 -0 10.59 - 

13.1 -0 9.38 ■ 

9.3 —0 9.27 . 

13.9 -0 9.14 - 

10.8 —0 8.21 - 

14.4 —0 8.00 - 

13.9 —0 7.90 - 

9.1 —0 7.46 - 

32 p„ 13.3 —0 6.94 ■ 

13.9 -0 6.85 - 

14.8 -0 6.76 - 

14.8 -0 6.36 - 

33 n 9.4 -0 6.32 ■ 

13.1 -0 6.25 ■ 

13.9 -0 5.98 - 
35 n, 13.9 —0 5.82 ■ 

9.5 —0 5.71 ■ 

45 11.9-0 5.65 - 



■ 208.2 -f0.20 +2364.3 - 

-204.9 -0.37 -3508.6 - 

-204.7 -1-0.19 -1-2204.1 - 

-201.4 -0.25 -2237.4'- 

-197.8 -0.50 -4817.2 - 

-197.4 -\4)^b -1-3873.1 -0.01 

-2400.0 -0.01 

-0.01 

-0.01 

401.3 -0.01 



■196.2 --0.2I 

-196.1 --0,06 -I- 909.4 - 

-195.7 -1-0.38 --4234.6 - 

-195.5 -0.07 . 



-194.5 -4-0.44 -M838.0 ■ 

-194.5 4-0.24 -j-2766.7 - 

-182.6 -0.33 -3123.0 . 

-179.5 -1-0.44 -1-4831.0 - 

-175.6 —0.24 —2206.9 ■ 

-175.1 -1-0.02 -I- 510.8 ■ 

• 169.2 —0.07 — 393.3 ■ 

-166.0 -1-0.40 +4374.0 ■ 

-163.1 4-0.04 -I- 666.0 ■ 

-162.1 -1-0.23 -1-2649.0 ■ 

-160.7 —0.24 —2140.6 ■ 

.159.6 -fO.29 +3327.9 ■ 

-158.9 —0.04 — 118.6 ■ 

■ 140.7 -1-0.33 -1-3666.8 - 
-139.1 -0.34 -3231.5 ■ 

-137.1 -1-0.29 -1-3334.8 ■ 

-123.1 -0.24 -2205.4 - 

-1200 -1-0.07 + 990.6 ■ 

-118.5 -1-0.34 +3768.5 - 

-112.0 -0.20 -1727.1 . 

-104.1 -0.07 - 406 3 - 

-102.8 -0.03 - 8.3 

-101.4 +0.20 +2331.8 - 

- 95.4 -j-0.42 -1-4671.6 ■ 

- 94.8 -0.06 - 273.2 ■ 

- 93.8 —0.30 —2795.0 

- 89.7 -1-0.45 -1-4980.6 . 

- 87.3 -0.05 - 179.0 . 

- 86.6 -H)-25 +2859.9 - 

■ 84.8 —0.03 — 22.3 - 



-0.01 
-0.01 
-0.01 
-0.0 1 
-0.01 

-0.01 
-0.02 
-0.02 
-0.02 
-0.02 

-0.02 
-0.02 
-0.02 
-0.02 



-0.02 

-0.02 
-0.02 

-0.02 
-0.02 
-0.02 
-0.02 
-0.02 



-0.02 
-0.02 
-0.02 
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No. 
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Prec 




II 




si 
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Coor. 


576 


XIV. mo 






13.1 


-05'63 


-83:0 


-0.27 - 


-2497.8 


-o'j)2 


577 


XIV. M 






11.0 


-0 5.52 


-82.8 


-0.29 - 


-2638.4 


-0.02 


578 


xai. 






14.8 


-0 5.22 


-78.3 


-0.23 - 


-2100.6 


-0.02 


579 


xn.^ 






9.7 


-0 5.19 


-77.9 


-0.26 - 


-2316.9 


-0.02 


680 


j>6 h', 


42 


59 


i, 12.3 


-0 5.17 


-77.6 


+0.01 + 385.8 


-0.02 


581 


Kd54 i". 






14.2 


-0 5.07 


-76.1 


-0.05 - 


- 159.1 


-0.02 


582 


X.m, 






12.3 


-0 4.99 


-74.8 


-0.16 - 


-1392.9 


-0.03 


583* 


58 »'»_, 






11.5 


-0 4.93 


-74.0 


-0.12 - 


- 914. 


-0.02 


584 


C6 n. H 


14 




9.4 


-0 4.73 


-71.0 


+0.16 +1893.4 


-0.03 


585 


XV. F; XIV. mi 






9.7 


-0 4.58 


-68.7 


-0.33 - 


-3061.0 


-0.03 


586 


XVI Q; xvn. V 






8.9 


-0 4.35 


-65.3 


-0.44 - 


-4231.7 


-0.03 


587 


60 ii"'_, 






18.9 


-0 4.10 


-61.5 


-0.11 - 


- 806.5 


-0.03 


588 


VII. L; VLm, 






11.5 


-0 3.96 


-59.4 


+0.35 +3923.5 


-0,03 


589* 


57* i"t 


15" 




12,7 


-0 3.81 


-57.2 


lo.03 - 


- 20.4 


-0.03 


590 


XILU; XniG 






8.7 


-0 3.65 


-54.7 


-0.22 - 


-1936.1 


-0.03 


591 


X.», 






13.1 


-0 3.50 


-52.5 


-0.15 - 


-U90.5 


-0.03 


592 


lV»,i Vp, 






13.1 


-0 3.41 


-51.2 


- -0.26 - 


h2991.1 


-0.03 


593 


C7 ILb,; IV. m, 






10.6 


-0 3.36 


-50.4 


- -0.20 - 


-2319.9 


-0.03 


59i 


vin.p 






11.5 


-0 3.36 


-50.4 


- -0.39 - 


-4269.6 


-0.03 


595» 


' 


15 


48« 


13.9 


-0 8.13 


-46.9 


-0.03 - 


- 15.0 


-0.03 


596 


CIO ILb, 






14.8 


-0 3.07 


-46.0 


+0.19 +2257.0 
+0.41 +4499.0 


-0.03 


597 


IX L; VULp, 






12.0 


-0 2.86 


-42.9 


-0.03 


598 


62 i". 




31 


p„ 12.3 


-0 2.57 


-38.6 


-0.07 T^ 


- 455.1 


-0.03 


599 


59 W» 






11.8 


-0 2.43 


-36.5 


-0.Z2 - 


- 974.1 


-0.03 


600 


61 n"', 






13.9 


-0 2.43 


-36.5 


-0.15 - 


-1206.0 


-0.03 


601* 








15.6 


-0 2.4 


-86. 


-0.03 - 


- 81. 


-0.03 


602* 


^ 






14.3 


-0 2.20 


-33.0 


-0.03 - 


- 67.5 


-0.03 


603 


rv.m. 






13.1 


-0 1.97 


—29.6 


+0.22 +2568.3 
+0.10 +1372.3 


-0.03 


604 


lU 






IIJS 


-0 1.97 


-29.5 


-0.03 


605 


n'", 






13.9 


-0 1.85 


-27.8 


-0.12 - 


- 953.3 


-0.03 


606 


Xio, 






12.3 


-0 1.75 


-26.3 


-0.15 - 


-1190.5 


-0.03 


607 


Vp, 






11.5 


-01.63 


-24.5 


+0.29 +3240.2 


-O.OS 


608- 


*" 




/ 


14.3 


-01.58 


-23.7 


-0.03 - 


- 18.0 


-0.03 


609 


xvn. w 






10.1 


-01.45 


-21.8 


-0.45 ~ 


-4285.4 


-0.03 


610 


"'". 






14.8 


-01.35 


—20.3 


-0.13 - 


-1013.2 


-0.03 


611 


XVUl. R 






U.5 


-0 1.32 


-19.8 


-0.55 - 


-5315.9 


-0.03 


612* 


( 


16 


t 


13.5 


-0 1.09 


-16.4 


-0.03 + 24.6 


-0.03 


613 


XNi XI. N 






8.6 


-0 1.02 


-15.3 


-0.18 - 


-1575.9 


-0.03 


614 


C8 IV. N 






9.9 


-0 0.89 


-13.4 


+0.22 +2537.6 
+0.02 + 500.5 


-0.03 


615 


66 . 






14.2 


-0 0.80 


-12.0 


-0.03 


616 


on lib. 






14.8 


-0 0.77 


-11.6 


+0.20 H 


-2309.9 


-0.03 


617* 


64 1' 


y 




», 


-0 0.71 


-10.7 


0.00 - 


- 12.9 


0.00 


618* 




19 


A 


13.1 


-0 0.69 


-10.4 


-0.03 - 


- 24.6 


-0.03 


619* 


66 K' 


7 17 




6 


-0 0.66 


-10.0 


0.00 - 


- 8.7 


0.00 


620 


6S o'", 






13.1 


-0 0.60 


- 9.0 


—0.12 - 


- 953.3 


-0.03 
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621»adII. 




15.G 


-Oo!53 - 


- 8. 


-0''03 - 36'' 


— 0'03 


622« n. p 


18 


12.7 


-0 0.50 - 


- 7.5 


-0.08 — 27.8 


-0.03 


623 68 n'", 




13.9 


-0 0.43 - 


- 6.5 


-0.15 -1196.0 


-0.03 


624« 67 U"; L' 


! 21 


d 


-0 0.33 - 


- 5.0 


0.00 -1- 16.1 


0.00 


625 adlL 




d 15.6 


-0 0.27 - 


- 4. 


-0.03 - 28. 


-0.03 


626 XV. p, 




13.1 


-0 0.17 - 


- 2.6 


-0.36 -3366.0 


-0.03 


627 X. n, 




12.3 


-0 0.05 - 


- 0.7 


-0.20 -1708.8 


-0.03 


628 69 M' 


a 22 


a 


0.00 


0.0 


0.00 0.0 


0.00 


620 C 9 IV. 
630 VLn, 




9.7 
11.7 


-1-0 0.0 1 -J- 0.1 
4-0 0.07 + l.O 


-1-0 22 -1-2543.6 
-0.38 -1-4170.1 


-0.03 
-0.03 


63I» r 




14.3 


-1-0 0.20 -1 


h 3- 


-0.03 - 42. 


-0.03 


632 XIV. m. 




11.7 


. 


-0 0.22 - 


- 3.3 


-0.27 -2509.8 


-0.03 


633" 71 N' 


o! 




. 


-0 0.23 - 


- 3.5 


0.00 - 2.1 


0.00 


631 XVII ., 




11.5 


--0 0.30 - 


- 4.5 


-0.45 -4345.2 


-0.03 


635 70 0' 


23 


2 i 10.5 


- -0 0.55 - 


- 8.3 


-0.02 -J- 98.3 


-0.03 


636- 1 


24 


13.3 


-1-0 0.56 H 


h 8.4 


-0.03 - 8.7 


-0.03 


637 IV. 0, 




12.3 


--0 0.59 - 


- 8.8 


-H>-24 -)-2783.7 
4-0.09 4-1171.2 


-0.03 


638' LiLL 




9.3 


-^0.70 - 


-10.6 


-0.03 


639 7« 0"' 


B 


T, 11.1 


-^0.73 - 


-11.0 


-0.12 - 951.5 


-0.03 


iW 73 I" 


^ 25 




-^)0.77 - 


-11.5 


0.00 -1- 6.8 


0.00 


641« UL "'■ 




14.8 




1-0 0.79 - 


1-11.9 


-0.02 -1- 111.2 


-0.03 


642" V 




16.6 


+0 0.87 - 


-13. 


-0.03 - - 48. 


-0.03 


643 VniR 




13.1 


- -0 0.91 -. 


-13.G 


-1-0.37 -1-4153.0 


-0.03 


644 72 rf", 




13.9 


- -0 0.98 - 


-14.7 


-0.14 — I16I.0 


-0.03 


645 XIV. S 




10.2 


-J) 1.29 . 


-19.3 


-0.29 -2692.2 


-0.03 


646 XII. V; xm H 




8.6 




1-0 U8 - 


1-20.7 


-0.26 -2317.0 


-0.03 


647' 76 ♦; p", 


26 


9( 12.1 




-01.51 - 


-22.6 


-0.03 + 38.0 


-0.03 


648» X 




14.3 


. 


-01.61 ■ 


-24.2 


-0.03 - 8.7 


-0.03 


649 XIV. a, 




10.8 


. 


^1.80 - 


-27.0 


-0.31 -2836.8 


-0.04 


650 79 » 


29 


1 k, 13.1 




-01.90 - 


-28.5 


-1-0.01 -1- 408.8 


-0.04 


651* •d 75^ 


27 


13.1 




-01.96 - 


h29.4 


-0.03 - 


\- 47.8 


-0.04 


652» 76 i 


/ 32 


/, 13.9 




-0 2.01 - 


-30.2 


-0.01 - 


- 171.6 


-0.04 


653 83 . 


28 


i„ 13.9 




-0 2.05 - 


-30.8 


-fO.Ol - 


- 429.7 


-0.04 


654* 78 u 


31 


12.3 




-0 2.21 - 


-33.2 


-0.03 ■ 


- 10.0 


-0.04 


655 V.B 




8.0 




-0 2.57 - 


-38.5 


-H).31H 


-3476.5 


-0.04 


656 V.Q 




6.1 




U)2.58 -j 


-38.7 


-H>.28 -1-3228.5 
-0.01 -j- 165.2 


-0.04 


657" 80 ( 


r 83 


4 f, 13.1 




-0 2.64 - 


-39.6 


-0.04 


658 77 o"', 




12.3 




-0 2.73 - 


-41.0 


-0.14 -1156.0 


-0.04 


659 xn. T, 




13.1 




-0 2.88 - 


-i3.2 


-0.23 —2097.6 


-0.04 


660 VLii_, 




13.9 




-0 3.53 - 


-53.0 


-1-0.36 -I-3970J 


-0.04 


661 VI. n_. 




14.8 




-0 3.53 - 


-53.0 


-j-0.36 -f-3980.9 


-0.04 


662 XIV. n. 




11.5 




-0 3.65 - 


-54.7 


-0.27 -2480.8 


-0.04 


663* 84 8 


» 37 


9, 11-7 




-0 3.70 - 


-55.5 


-0.02 -|- 147.1 


-0.04 


664 CI4 I. In n. h^ 


85 


11.5 




-0 3.73 - 


-55.9 


4-0.15 - -1812.8 
-j-0.16 -1-1958.1 


-0.04 


665 C 12 IL h. 


36 


13.1 




.0 3.77 - 


-56.5 


-0.04 
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Il 


666* 81 x", 


30 


13.9 -4-o"3!98 - 


h 59.7 -0.05 - 195.8 -0.04 


667 85 M 


J 


K, 9.4 - -0 4.03 - 


- 60.5 -U).05 -I- 848.9 -0 04 

- 63.2 +0-21 - -2469.7 —0.04 


668 IV. 0, 




13.9 - -0 4.21 - 


669 87 Q' 


► 39 10 


k 9.8 - 


-0 4.22 - 


- 63.3 -0.02 -- 100.0 -0.04 


670 86 N 


d 38 8 


K, 10.8 - 


■0 4.28 - 


- 64.2 -H-O* + 6'3.2 -0.04 


671" 88 fi 


41 18 


«„ 11.5 -W) 4.64 - 


. 69.6 -0.03 - 24.4 -0.04 


672 C15 ILl; HI. H 


40 


6.0 - -0 4.85 - 


- 72.8 -1-0.17 4-1985.5 -0.04 


673 C13 n. i,; IV. 0, 




11.9 - -0 4.87 - 


- 73.1 - -0.20 - -2398.7 -0.04 


674 Di 




14.2 - -0 4.91 - 


- 73.6 -1-0.07 -1- 976.5 -0.04 


673» J 




15.2 -fO 4.97 - 


- 74.5 -0.04 - 93.4 -0.04 


676»«d88y 


43 t 


13.1 +0 5.23 - 


- 78.5 -0.03 - 27.6 -0.04 


677» •d 81 x". 


84 


14.8 - -0 5.24 - 


- 78.6 -0.05 — 201.4 -0.04 


678" n. 




13.9 -U 5.28 - 


- 79.2 -1-0.06 ■+- 852.2 -0.04 

- 79.7 -1-0.42 -1-4666.7 -0.04 


679 IX. B_, 




14.8 - 


-0 5.31 - 


680 92 0"', 




13.9 +0 5.48 ^ 


- 82.2 -0.10 - 675.3 -0.04 


681* 89 1) 


, 


«, "-8 H 


-0 6.02 -1 


- 90.3 —0.01 -1- 173.2 -0.04 

- 94.2 +0.37 -j-4056.6 —0.04 


682 VI. n_, 




12.3- 


-0 6.28 - 


683 XVnL L, 




14.8 - 


-0 6.29 - 


- 94.3 -0.53 -5136.2 —0.04 


684* 90 m 


56 


14.5 T 


-0 6.45 - 


- 96.8 -f0 04 + 744.8 -0.04 


685 93 Y" 


< 45 26 


« 8.3 - 


-0 6.51 - 


- 97.7 -0.04 - 95.0 -0.04 


686* 91 


44 


15.6 H 


-0 6.67 -1 


-100. —0.03 — 39. —0.04 


687 X. 0; XL 




10.3 - 


-0 6.93 - 


-104.0 -0.19 -1665.1 -0.04 


688* 




15.6 H 


-0 7.07 i 


-106. -0.03 - 18. —0.04 


689 V. r, 




11.5 - 


-0 7.57 ^ 


-IISJS -1-0.31 -1-3476.6 -0.04 


690 95 Z" 


SO 


ft 10.3 n 


-0 7.96 - 


-119.4 -0.07 - 443.7 — 0J>4 


691 vin. p. 




13.9 J 


1-0 8.39 - 


-125.9 -1-0.38 -i-4249.7 -0J)5 


692 C 16 IL i, 


46 


11.5 - 


-0 8.75 J 


-131.2 - -0.18 - -2154.5 -0.05 


693 94 D4 


58 


13.9 - 


-0 8.78 - 


-131.7 - -0.04 4- 751.6 -0.05 


694 xvm. t_4 




13.1 - 


-0 8.79 - 


-131.8 -0.51 -4956.4 -0.05 


695 97 n. 




12.5 - 


-0 8.85 H 


-132.8 4-0-05 -j- 818.1 -0.05 


696 98 




11.5 J 


1-0 9.08 ^ 


-136.2 4-0.06 - 


- 886.3 -0.05 


697 vin. p4 




14.8 - 


-0 9.14 - 


-137.1 - -0.39 - 


-4302.5 -0.05 


698 C 18 n. i. 




13.1 -J 


-0 9.23 - 


-138.6 - -0.19 - 


-2302.0 -0.05 


699 C 17 n, i. 




13.9 -4 


~a 9.55 . 


-143.2 - -0.18 - 


-2167.4 -0.05 


700 102 E' 


e 47 8 


0, 11.5 T 


-0 9.56 1 


.143.4 -1-0.02 - 


- 492.7 -0.05 


701 b"b". 




14.8 - 


1-0 9.58 . 


-143.7 _0.07 — 417.2 -0.05 


702 XVIL X 




10.1 - 


-0 9.67 - 


-145.0 -0.48 -4647.3 -0.05 


703 96 0, 


59 


13.9 - 


-0 9.69 - 


-145.4 4-0.04 4- 736.4 —0.05 


704 IX. m_, 




13.9 - 


-0 9.78 - 


-146.7 - -0.46 - -4990.6 -0.05 


705 99 P; & 


c 48 6 


ft 11.5 - 


-0 9.81 - 


-147.2 4-0.03 -i- 611.2 -0.05 


706 xn. T, 




13.1 -1-0 9.88 - 


-148.2 -0.24 —2175.3 -0.05 


707 103 A" A" 


J, 49 27 


0- 11.2 - -010.08 - 


451.2 -0.05 - 253.5 -0.05 


708 101 B"B" 


t 50 23 


/ 9.6 - -0 10.09 - 


-151.4 -0.04 — 98.5 -0.05 


709* 100 b"b", 


G 51 


^ 12.3 - -0 10.19 - 


-152.9 -0.04 - 136.4 -0.05 


710 XII. V, 




13.9 -H 10.38 - 


-155.6 -0.23 -2060.7 -0.05 
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711 


XP; XI. P 


712 


C19 LI. 


713 


IX.M 


71* 


X.Q 


715 


xn. Wj xm. I 


716" 


VLNj VILM 


717" 


xn. w. 


718 


Pi 


719 


Xq, 


720 


XILw, 


721 


IX. m. 


722 


105 o"'. 


723 


IX. m. 


724 


104 C'C" 


725 


X.q, 


726 


xvm. t_. 


727 


x\'in. s 


728 


C20 LM; ILK; m. 


729 


VLB, 


730 


P» 


731 


X-q, 


732 


106 P"'i D"D" 


733 


C 21 n. i. 


734 


108 T 


735 


xn.w. 


736 


Tnip, 


737 


t',; q-. 


738* 


109 X.q« 


739 


IV. o. 


740 


107 ft 


741 


110 E"E" 


742 


c 22 n. i. 


743 


V. r,; VL n. 


744 


X.q. 


745 


Kn,x_, 


746 


111 Q"'; FT" 


747 




748 


vin.p. 


749 


Pi ; I. m, 


750 


112 G"G" 


751 


vm. ft 


752 


Q 


753 


IV. 0^; V.r, 



010.43 
O 10.70 
fl 11.04 
fl 11.22 
011.25 

O 11.31 
■011.65 
O 11.68 
O 11.72 
11.77 



■156.5 —0.19 —1666.5 —0.05 

■160.5 -1-0.14 -1-1702.3 —0.05 

165.6 4-0.44 4-4876.0 —0.05 

■168.3 —0.17 —1488.4 —0.05 

■168.7 —0.21 —1872.6 —0.05 

■169.6 -1-0.33 -f-3695.0 —0.05 

■174.7 —0.21 —1883.0 —0.05 

■175.2 -1-0.07 -1-1038.7 —0.05 

175.8 -0.18 -1519.3 -0.05 

176.5 —0.21 -1887.3 —0.05 



--0 11.78 -1-176.7 -1-0.46 -f-5030.5 ■ 

179.7 -0.10 - 710.4 ■ 

180.3 -(-0.47 -[-5130.3 ■ 

183.3 —0.05 — 176.0 

183.3 —0.18 —1521.3 ■ 



13.1 
11.5 
■ 13.1 



■0 12.29 
12.79 
■0 12.98 
■0 13.15 
■0 13.58 

■0 13.97 
■0 13.98 
O 14.23 
O 14.51 
014.52 



1 -f-1 749.7 
1 4-3806.6 
i 4-1150.4 



12.3 H 


Wt 14.65 -t 


16.0 - 


-014.68 - 


13.1 - 


-014.72 - 


13.1 - 
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14 8 -1-113.16 
9.3 --1 13.46 
13.1 --113.47 
-1 13.67 



10.8 



1.6 - -1 14.21 



■1097.4 -1-0.30 -1-3390.6 - 

■1101.9 -0.50 -4764.2 - 

-1102.1 4-^.36 4-4031.4 - 

1105.1 —0.23 -2049.9 - 

1113.1 —0.16 —1356.6 - 
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No. ■3» 
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Preo. 


II 


II 1^11 


CiwC 


936 


1"1", 


13.9 - 


1-1 14.88 - 


1-1123.2 -0.04 - 143.0 


-0a4 


937 


W" 


10.2 - 


-1 15.53 H 


-1133.0 -0.15 -1166.9 


-0.14 


938 U7 


X' i M"M" T 96 


c 10.8 - 


-1 15.77 - 


-1136.6 -0.03 - 7.2 


-0.14 


939 


xvm. X, 


14.2 H 


-1 16.07 - 


-1141.1 -0.53 -5115.6 


-0.14 


910 


V. T; VL E 


11.0 - 


-1 16.39 H 


-1145.8 +0.31 -1-3554.6 


-0.14 


941 


w'", 


13.1 - 


1-1 17.53 - 


-1163.0 -0.14 -1141.2 


-0.14 


942 


X.S;XLS;Xn.u, 


11.5 - 


-1 17.88 - 


-1168.2 -0.21 -1824.5 


-0.15 


943 


XVLW 


8.6 - 


-1 18.03 - 


-1170.4 -0.40 -3820.2 


-0.15 


944 


m"in", 


14.8 - 


-1 18.88 - 


-1183.2 -0.08 - 522.6 


—0.15 


94S 


VLr. 


13.1 H 


-1 18.99 H 


-1184.8 -H).34 -1-3842.1 


-0.15 


946 


XV. X 


11.5 ^ 


-1 19.13 -\ 


-1186.9 -0.36 -3351.2 


-0.15 


947 


V.t, 


13.9 - 


-1 19.27 - 


-1189.1 -1-0.30 -1-3395.6 


-0.15 


948 


XTLw, 


llJi ^ 


■I 19.79 - 


-1196.8 -0.42 -4003.6 


-0.15 


949 


xn.bb_, 


9.8 H 


~l 20.98 - 


-1214.7 -0,27 -2412.2 


-0.15 


950* 


V.^; VLr. 


13.5 - 


-1 20.99 - 


-1214.8 -1-0.32 -1-3566.6 


-0.15 


951 


m"m". 


14.8 - 


-1 21.38 - 


-1220.7 -0.05 - 158.9 


-0.15 


9SS 


V. U 


10.8 - 


-1 21.45 - 


-1221.8 -1-0.31 -j-3475.3 
-1222.4 4-0.06 -1- 951.0 


—0.15 


953 148 


Y V 


9.3 - 


-1 21.49 - 


-0.15 


954 


xn. BB; xrv. T 


8.4 - 


-1 21.53 - 


-1222.9 -0.27 —2416.0 


-0.15 


955 149 


N"N" Y 


10.5 - 


-1 22.03 - 


-1230.5 —0.06 — 295.S 


—0.15 


956 150 


Y' D 


10.2 - 


-1 22.83 - 


-1242.5 -0.01 -1- 227.9 
-1247.4 4-0.03 -f- 579.0 


-0.15 


957 


y'. 


13.9 - 


-1 23.16 - 


-0.15 


958 


Xllbb 


12.3 -4 


-1 24.08 - 


-1261.2 -0.26 -2320.0 


-0.15 


959* 


ji 


12.3 - 


-1 24.09 H 


-1261.4 -1-0.04 -1- 712.7 
-1265.6 4-fl.40 -1-4459.8 


-0.15 


960 


vm. B 


13.9 - 


-1 24.37 i 


-0.16 


961 


XVI. X 


9.7 H 


1-1 24.82 -j 


1-1272.3 -0.39 -3704.4 


-0.16 


962 


X.B, 


12.3 - 


-1 24.85 - 


-1272.7 -0.21 -1837.5 


—0.16 


963 


V.a, 


13.9 - 


-1 25.46 ^ 


-1281.9 -1-0.31 -f-3465.5 


-0.16 


964 


IXn, 


14.8 H 


-1 26.13 -\ 


-1291.9 - -0.44 - -4856.9 


-0.16 


965 


z 


11.0 T 


-1 26.16 - 


-1292.4 -1-0.07 -1-1016.9 


-0.16 


966 


w'". 


12.5 ^ 


■1 26.28 -i 


1-1294.2 -0.10 - 677.4 


-0.16 


967 


XIV. U; XILbfc, 


11.2 - 


-1 29.45 - 


-1341.8 -0.27 -2424.3 


-0.16 


968* 


xn. ao. 


11.5 - 


-I 29.65 _ 


-1344.8 -0.21 -1841.6 


-0.16 


969* 


vm. t_,i '^'i 


13.9 - 


-1 30.25 - 


-1353.7 -fO.38 -1-4174.4 


-0.16 


970 


ii"n", 


14.8 - 


-1 30.97 - 


-1364.6 -0.07 - 437.9 


-0.16 


971 


I.Q 


12.7 - 


1-1 31.53 - 


-1372.9 -1-0.12 -j-1543.8 


-0.16 


972 


xviiLr_, 


13.9 - 


-1 31.67 - 


-1375.0 -0.53 -5155.4 


-0.17 


97S 


V. V 


10.2 - 


-1 31.95 - 


-1379.3 -1-0.31 -1-3483.4 


-0.17 


974 


(ycf 


10.6 - 


-1 32.22 - 


-1383.3 -0.06 - 318.0 


-0.17 


975 


X.ri 


13.9 - 


-1 32.71 -i 


-1390.7 -0.16 -1329.1 


-0.17 


976 


LE 


10.1 - 


-1 33.03 - 


-1395.4 -1-0.11 -I-U49.2 
-1419.9 -1-0.03 -\- 613.1 


-0.17 


977 


«i 


13.1 - 


-1 34.66 - 


—0.17 


978 


X.r. 


13.9 - 


-1 34.72 - 


-1420.8 -0.18 -1548.3 


-0.17 


979 


IV. R 


11.3 - 


-1 34.79 - 


-1421.9 -1-0.23 -1-2630.3 
-1422.3 -j-0.45 4-4931.8 


-0.17 


980 


DLo 


14.8 - 


-1 34.82 - 


-0.17 
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Eq. 1SET.0 
Prw. e J. Prec. 

C«if. °— ^ Ciitf. 



981 


Ir, 


982 


7'. 


983 


Lr, 


984 


xvmY 


98^ 


XVIILZ 


986 


Tin. t^; IX. o_ 


987 


I.'. 


988 


IX. 


989 


l.r. 


990 


IX o, 


991 


Vmt_,; IX. p. 


992 


vin. ^, 


993 


VULT 


994 


*t 


995 


IX.P 


996 


n. N; in. N 


997 


X.T; XLT 


998 


IX. o, 


999 


o"o", 


1000 


IV. S 


1001 


IT.% 


1002 


IV. T 


1003 


XIV. V 


1004* 


J"'-, 


1005 


X.0 


1006 


vm. o 


1007 


X'" 


1008 


o"o". 


1009 


XVI. Y 


1010 


v. W 


1011* 


".i »-j 


1012 


VI r. 


1013 


Xu, 


1014 


ix.i 


1015 


AA 


1016 


X.,^ 


1017 


VI ..^ 


1018 


lr. 


1019 


X.U, 


1020 


lr. 


1021 


XIV. w_. 


1022 


XIV. w 


1023» 


»ai 


1024 


DLq^ 


1025 


VI.., 



1 35.53 -4-1432.9 +0.11 +1429.2 -0.17 

135.83 --1437.5 —0.03 4- 150.6 —0.17 

■136.01 --1440.2 +0.13 4-1598.6 -0.17 

136.17 - -1442.5 -0.53 -5147.3 -0.17 

10.8 +136.75 -fl451.3 -0.51 -4931.9 -0.17 



-0.18 
-0.18 

-0.18 
-0.18 
-0.18 
-0.18 



13.1 -J 


1-1 37.19 H 


1-1457.8 + 


13.9 - 


-1 38 25 - 


-1473.7 --' 


10.9 - 


-1 38.34 - 


-1475.1 -- 


13.1 - 


-1 88.76 - 


-1481.4 - ^ 


13.1 -] 


hi 38.94 H 


1-1484.1 - - 



13.9 



-1 38.95 
-1 39.53 
-1 39.53 
13.9 --1 39.66 
10.0 4-1 39.83 



11.5 



■^.41 - 


-4518.9 


-0.09 - 


-1239.8 


-0.4.H - 


-4782.4 


■O.09 - 


-1190.0 


-0.44 -f4886.0 


-0.41 T 


1-4477.7 


-0.39 H 


-4345.3 


-iK^<i - 


-4296.5 


0.09 - 


-1198.3 


0.46 - 


-5084.1 



11.9 



■1 41.45 
1 41.83 
-: 42.33 
■1 43.22 
■1 43.59 



18.9 - 


1-1 43.59 4 


10.3 - 


-1 45.09 - 


9.8 - 


-1 45.17 - 


11.5 - 


-1 45.67 - 


11.5 -\ 


1-1 45.72 4 



11.5 


fl 46.13 -1- 


11.0 


-1 46.68 - 


13.9 


-1 46.72 - 


10.K 


-1 47.54 - 


11.5 


■j-1 47.85 4 



13.1 +1 49.41 

13.1 --1 49.51 

13.9 --150.23 

14.8 --151.34 

10.8 4-1 52.01 

14.8 +1 52.49 



14.8 
12.3 
14.2 
14.8 



1 53.21 
1 53.51 
154.48 
154.51 



1484.2 
1492.9 
1492.9 
1494.9 
1497.4 



•1521.7 -1-0.15 +1883.5 - 

1527.4 —0.20 -1722.9 . 

1535.0 -1-0.44 -1-4834.3 ■ 

1548.3 -0.03 - 29.3 ■ 
■1553.8 -f-0.24 +2802.7 ■ 

.1553.8 -j-0.24 +2728.0 ■ 

■1576.3 -(-0.23 -L272O.O - 

■1577.6 -0.30 -2733.9 ■ 

1585.0 —0.14 -1073.7 - 

1585.8 —0.18 -1538.2 - 

■1592.0 -1-0.38 -1-4216.0 - 

■ieOO.2 — O.M — 764.4 - 

■1600.8 -0.03 + 10.5 ■ 

■1613.1 -0.44 —4188.9 - 

■1617.8 -1-0.31 -1-3469.6 ■ 

1641.2 -f-0.05 + 818. ■ 

1642.6 -1-0.33 4^745.8 ■ 

1653.4 -0.20 -1697.6 ■ 
■1670.1 +0.43 -1-4722.7 - 
1680.2 -j-0.05 -I- 788.9 - 

1687.4 -0.20 —1757.4 - 

1698 ] -1-0.35 -1-3937.2 - 

1702.6 -1-0.13 -1-1643.7 ■ 

■1717.2 -0.20 -1677.7 ■ 

■1717.7 -I-0.I3 +1608.8 ■ 



13.9 +1 55.35 +1730.2 —0.28 -2579.3 - 

10.0 --155.97 - -1739.5 -0.28 -2551.3 - 

13.1 - -1 56.73 - -1751. +0.06 + 9G9. . 
14.8 --157.27 - -1759.1 4-0.44 4-4872.2 ■ 
12.8 -\-l 57.73 -^1765.9 -f-0.32 ^-3643.3 ■ 
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1026 


XVUdd^ 


13.9 H 


-I 57.79 - 


-1766.8 -0.45 -4304.0 -0.20 


1027 


XIV. w, 


14.8 - 


-1 57.97 n 


-1769.6 -0.28 -2599.2 -0.20 


1028 


V" 


10.4 - 


-158.17 - 


-1772.6 —0.13 -1001.7 -0.20 


1029" 


»>} 


13.1 - 


-1 58.40 - 


-1776. +0.05 + 844. -0.20 
-1788.1 +0.35 +3895.4 —0.21 


1030 


Vl.._, 


18.9 - 


-1 59.21 - 


(031 


I. s 


10.0 - 


-I 59.23 - 


-1788.5 +0.10 +1300.0 -0.21 


1032 


XV; XLU 


11.3 - 


-I 59.25 • 


-1788.7 -0.16 -1309.8 -0.21 


1033 


VI. r. 


13.1 ■ 


-I 59.97 ^ 


-1799.5 +0.36 +4061.8 -0.21 
-1806.0 -]-0.22 -i-2572.6 -0.21 


1034 


IV. u_, 


13.1 - 


-2 0.40 - 


1035" 


y"', 


12.3 - 


-2 0.67 - 


-1810.0 -0,14 —1087.7 -0.21 


1036 


XVILDD 


9.3 - 


-2 1.03 - 


-1815.5 -0.45 -4275.1 -0.21 


1037 


vm. V 


12.3 - 


-2 1.23 - 


-1818.5 - 


-0.38 n 


-425aO -0.21 


1038 


IX. q_, 


13.9 - 


-2 1.51 - 


-1822.6 - 


-0.46 n 


-5046.7 -0.21 


1039 


IX.Q 


10.5 - 


-2 2.04 - 


-1830.6 -1 


-0.43 - 


-4697.0 -0.21 


1040 


IV. u 


10.3 4-2 3.09 - 


-1846.4 -y 


-0.22 . 


-2606.7 -0.21 


1041 


IX. q, 


14.2 - 


-2 3.52 +1852.8 +0.45 +4917.2 -0.21 
-2 3.73 - -1856.0 +0.38 +4246.0 -0.21 


1042 


vni. T, 


14.8 - 


1043 


P"p" 


10.9 - 


-2 4.16 +1862.4 -0.08 - 512.4 —0.21 


1044" 


1.8, 


U.5 - 


-2 4.21 +I863.I +0.13 +1640.^ -0.21 
-2 4.27 -J-1864.1 -J-0.44 +4892.3 -0.21 


1045 


IX q. 


13.9 - 


1046 


xvn. ddi 


13.1 -1 


1-2 4.29 A 


-1864.3 -0.46 —4356.7 -0.21 


1047* 


aa. 


15.6 - 


-2 4.53 - 


-1868. -fO.08 +1112. -0.21 


1048 


X.V, 


13,9 - 


-2 5.40 - 


-1881.0 -0.15 -1229.0 -0.21 


1049 


XVI. Z 


9.9 - 


-2 5.42 - 


-1881.3 -0.40 -3745.8 -0.21 


1050" 


"i 


15.6 - 


-2 6.47 - 


-1897. +0.07 +1084 -0.22 


1051" 


(aa),; (y)', 


11.5 H 


1-2 6.91 +1903.7 +0.02 + 539JS -0.22 


1052* 


xn.cc 


lO.l -, 


-2 7.48 +1912.2 -0.25 -2226.9 -^0.22 


1053 


un; i-B] 


13.1 - 


-2 7.37 +1910.6 +0.08 +1152.7 -0.22 
-2 7.51 +1912.6 -)-0.46 -f5072.6 -0.22 
-2 7.91 +1918.7 -0.18 -1482.7 -0.22 


1054 


IX ti, 


13.1 -. 


1055 


XW; XLV 


10.2 - 


1056 


X. Wo 


13.9 n 


1-2 8.02 H 


1-1920.3 -0.18 -1531.0 -0.22 


1057 


xn. cu, 


14.8 - 


-2 9.25 n 


-1938.7 -0.26 -2369.3 -0.22 


1058* 


I-B. 


13.9 - 


-2 9.69 - 


-1945.3 +0.14 +1753.5 -0.22 


1059 


VIll. V, 


13.9 - 


-2 10.73 - 


-1961.0 - -0.38 - -4206.3 -0.22 


1060 


vm. V, 


14.8 - 


-2 11.23 - 


-1968.4 -i-0.39 +4340.7 -0.22 


1061» 


aa. 


12.3 A 


-2 11.50 ^ 


-1972.5 -1-0.05 + 881.5 —0.22 
-1980.1 -1-0.46 -i-5012.0 —0.22 


1062 


IX q, 


14.8 - 


-2 12.01 - 


1063 


xn. DD 


8.4 - 


-2 12.67 - 


-1990.1 -0.22 -1949.5 -0.22 


1064 


XVI. ii 


12.3 T 


-2 12.68 - 


-1990.2 -0.44 -4172.5 -0.22 


1065 


IX q. 


14.8 - 


-2 12.76 ^ 


-1991.4 -H}.45 +4997.0 -0.22 


1066 


IV. V 


11.7 - 


-2 12.79 - 


-1991.9 +0.23 - 


-2700.4 -0.22 


1067* 


(y)'.; p"p"i 


12.3 - 


-2 13.24 - 


-1998.6 -0.03 - 


- 5.1 -0.23 


1068 


IX q, 


11.5 - 


-2 13.27 - 


-1999.1 -f-0.45 - 
-2014.0 -[-0.36 - 


-4924.2 -0.23 


1069 


VI. Si vm. w 


10.8 - 


-2 14.27 - 


-4026.0 -0.23 


1070 


(y)'. 


10.2 - 


-2 14.83 - 


-2022.4 -O.OI - 


- 340.2 -0.23 
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1071 


X.W, 


13.9 +2"l5!53 +2032''9 -0''i9 — 1577'8 -o'!28 


1072 


xvn. dd. 


13.9 - -2 15.54 - -2033.1 —0.45 -4828.7 —0.23 


1073 


XV. T; XIV. w. 


9.8 - -2 16.01 - -2040.2 —0.33 -3057.6 -0.28 


1074 


IX. q, 


13.1 - -2 17.03 - -2055.4 -1-0.44 -)-4802.7 -0.23 
13.9 -f-2 17.22 -j-2058.3 -j-0.11 +1474.5 -0.23 


1075 


J.., 


1076 


IX. q. 


13.1 -1 


-2 18.54 +2078.1 -]-OAS 4-4762.8 -0.23 | 


1077* 


Li-,; Li. 


8.6 - 


-2 18.96 - 


-2084.4 -H).12 +1560.4 -0.23 


1078 


X.X; XLW 


9.8 - 


-2 19.77 - 


-2096.6 -0.20 -1752.4 -0.23 


1079 


XV. Z 


9.7 - 


-2 20.93 - 


-2113.9 -0.36 -3382.5 -0.24 


1080 


ILO; m.O 


11.0 - 


-2 21.69 - 


h2125.4 -1-0.16 +1956.1 -0.24 


1081 


XV. AA 


9.9 - 


-2 21.73 - 


-2126.0 -0.38 -3572.0 -0.24 


1082 


BB 


10.4 - 


-2 22.31 - 


-2134.7 -1-0.08 +1115.9 -0.24 


1083 


XILEE 


10.8 - 


-2 22.89 - 


h2143.3 -0.26 -2320.4 -0.24 


1084 


VLT 


10.1 - 


-2 23.10 - 


-2146.5 +0.34 -1-3814.1 -0.24 
-2147.3 -1-0.16 4-1963.2 -0.24 


1085 


II. P; mp 


11.0 - 


-2 23.15 - 


1086 


VLt, 


13.9 - 


1-2 23.82 -] 


1-2157.3 -1-0.37 +4104.9 -0.24 


1087 


X. Y ; XI. X 


11.0 - 


-2 24.67 - 


-2170.1 -0.20 -1723.0 -0.24 


1088 


ILpi 


13.1 - 


-2 24.93 J 


-2174.0 +<I.18 +2223.7 -0.24 


1089 


XVI.AAjXVILEE 


9.7 J 


-2 28.99 - 


-2234.9 —0.44 -4210.1 -0.24 


lOdO 


XVUL AA 


10.8 - 


-2 83.87 - 


-2308.0 -0.53 -50743 -0.25 


1091 


n. Q; m. Q 


8.6 - 


-2 35.04 +2325.G -|-0.17 +2103.2 -0.26 


1092 


xvuff 


8.9 - 


-2 36.06 --2325.9 -0.49 -4720.4 -0.26 


1093 


XVm. aa, 


13.9 - 


-2 35.10 --2326.5 -0.54 —5214.7 -0.26 


1094 


XVI. BB 


9.3 - 


-2 36.53 - -2348.0 —0.41 -3886.1 —0.26 


1095 


ILR; mR 


10.3 J 


-2 37.43 +2361.4 -|-0.18 +2195.3 -0.26 


1096 


n.r, 


10.8 - 


-2 37.97 - 


-2369.5 -I-0.I5 +1870.0 -0.26 


1097 


xvin.M, 


9.7 - 


-2 38.56 - 


-2378.4 -0.57 -5474.7 -0.26 


1098 


XVILGG 


8.4 - 


-2 38.86 - 


-2382.9 -0.50 -4767.3 —0.26 


1099 


XVIILBB 


10.4 - 


-2 43.16 - 


-2447.4 —0.52 —5015.0 -0.27 


1100 


xvnLcc 


11.5 - 


-2 48.18 - 


-2522.7 —0.56 —5403.8 —0.28 


1101 


XV. BB 


8.6 +2 48.74 +2581.1 -0.38 -3574.7 -0.28 
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SECTION III. PART III. 



(A.) NOTES TO THE GENERAL CATALOGUE 

The Rfl^gnment of weights in most of the following cnses wns made hy ProfeB.'^or Bond upon his own 
judgment ; and in the cases of those stars of which positions are given in the following pages, additional to 
those obtained b^ the process of Section I. and TI., the combination has been made according to a manuscript 
fist ui his own handwri^ng, correcting a few manifest errors. [S.] 

45, 53 were determined in short revision zones like those of Section I. Part 6. 

61. The observed decfinations of this star differ 6."1, but their mean was found very exact bj an observa- 
tion Feb. 25, 18G4. 
66, 72. Like 45. 

93. The declinations of this star observed in Zone Till., and ihe Supplement to TI., differ 15."0. The 
nmple mean has been taken. 

112. Detennincd as 45, etc. This was combined with a chart position, 1862, March 27th. 
The positions are 

Beviaicm Zone, — 17d4.''5 -|-188."9 
Chart, —1779. +190. 

122. A chart position — 1766."4 -j~997."l, combined with a position from a Bhort revision zone — 1756."7 
+1001. "6. 

131. In this as in other similar cases, I have assumed that an observation in one of the "revisimi" zones 
should have equal weight with one in one of the principal zones. Tliese latter observations were not made 
so deliberalely as Ilie former, although the chront^raph was used for them. [S.] 
144. From a chart, 1862, March 27lb. 

152. From short revision zones in 1864, a— 0":= — 1655."3 8—8'* = + 887.1. 
It was also observed Feb. 7, 1863, its difference from 176 being found — 7.'35 and S'lG", giving — 1660."7 
+887."1. The mean of the two detenmi nations was taken. 
156. From a short extension zone. 
158. Probably identical with 157. 

160. This is probably the star mentioned in the foot-note to p. 69. 
175. "Entered on charts 1862, March 27th. Observed Feb. 7, 1863, chart 25." 
The position is given in Prof. Bond's papers from the chart. 

178. Observed Feb. 7, 1863; found to diSiir from 232 by — I6.'5and —58", 
The position should be 20' farther south, viz^ in 8 — 634."6. 

230. The star Weisse, T. 655, should be in this neighborhood, but is not found. 
269. Nebulous. 
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286. The two dedioatioDs of thU star differ 12."1. 

294. Double ; the precediog is given in the calalogae. 

339. Ita poxition and distance from 347 were eBtimated as 329° and 20", from whence the position in the 
catalogue was derived; bat a value — 463."7 waa adopted for the declinali(») of the comparison star when 
the calculations were made. 

347. On April 7, 1$64, thb star was compared in AR. with 314, 377, 387 ; the differences were respec- 
tively, -j-6.*5 — 6.'9 — 9.*9, and the resulting, a— a, reduced to 1857.0= — 829."7. In the same manner on 
April 8ih, -|-6.*0 — 6.'5 were oblnined for iu differences from 314 and 377, hence a—a,=: — 827."4. The 
TBlue of the same coordinate from the obeerration on page 43 is — 832."8. These three resnlls were com- 
bined with the weights 3, 2, 1, respeciiveljr, 

357, 396. Tbe<e stan' catalogue-positions do not correspond with tiieir nomenclature, as they follow not only 
291, but also 293 and 328. 

398. This star's position in Section I. depends on 12 and 10 observations, and has received three times the 
weight of that from Section IL 

399. There is also a micrometrical measure of the difference of declination between this star and 624, which 
places this one 0."4 farther north, and hence at 16."i (see note to 624). 

404. The position of this star from Section I., depending on six observations, has received a weight of 3 ; 
that fh>ra Section II., from two observations, a weight = 2. 

425. A close double star. The po^itioD and distance were estimated by G. F. B., as 300° and 2."5, 
The star is Strove, 743 of the Uensurae Microroetricae. 

443. The AR. of this sUr was observed 1856, Jan. 4th, page 41; and on April 7, 1864, it was found 
to precede 554 by 23.'6. The tvro resulU for 1857.0 are — 34.'81 and — 84.'47, whose mean has been 
taken. 

474. The two determinations of this slat's declination differ 9."8. 

524. Certain estimates and chart-poiations for this star are 

1859, Feb. 22, Estimate, -232/'5 +24/' 

1862, March 19, Chart, -249. +23.5 

1863, Jan. 31, Chart, -235. +24. 

These; as appears by a note in Prof. Bond's handwriting, have been rejected for declination, and the 
result obtained December 19, 1857, viz., 524— 624^0."0, has been combined with an observation made 
with the scale on April 4, 1864, 524—506^12". The combination gives 

From 624 8-8,=16J) 
From 506 17.6 

Mean 16.8 

The AR. of this star depends upon the differences — 0.*05 sod +4.'l from 523 and 506, which give us 
— 16.*20 and — 16.'30 respectively, combined with the observations just mentioned. 
536. "Diere is a note to this star in Zone lY. " Companion 11th, — 0'14"." 
563. See note on p. 41. 

567. The position in the catalogue is from two diagrams of March 10, 1859, and one of Jan. 19, 1863. 
575. Two measures (made April 15, 1864) of this star's difference of declination from the principal Star 
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in the trapezium give AS=: — 21."62 and — 23."35 respeclively. The former has receired a weight 2, and 
the two thug combined with the observalion on page 43 give the result in the catatogae. 
lis right ascension depends on observations made 

1858, March lOih, page 43, a— a, = -Sl"^ 

1864, April 14tb, three observations by transits —81.7 = — 5.*45 
" April 16th, Micromeler-measure —85.62 

" " « " " -85.07 

With the weights 1, 2, 3, 6, assigned to these observations by G. P. B., the catal(^e position is the 
result. 

583. The declination of this star is from a diagram. 

589. This star's AR. is derived from the observation on page 43, lo which a weight ^ 1 has been assigned i 
and two measures of it.i difference of AR. from 575, made April 15,1864. These give 589— 575 = -|-29."48 
(wL 2) and 4-27." 48 (wt. 1) respectively, and we thus have — 

a— B, wt. 

Page 43, -6l'b 1 

April 15, 1864, -55.32 2 

" » « -57.32 1 

The mean reiiult i« as in the catalogue. 

Fur declination, a single observatioo April 15, 1864, gives 589— 575 = -|-2."0, or 589 8— S,= — 20."3. 
This is combined with ihe result on page 43. 

595. "A very small star. PositioD by two diagrams, March 10, 1852." (G. P. B.) 

601. 1858, March 10. " Besides the above, (671,676,) very faint stara were suspected in the following 
poeitions." (G. P. B.) 

- 36" -31" 
_ 8 -36 

- 4 -28 
+100 -39 
4-106 -18. 

I have retained them in the catalogue, as the manascript containing them had been examined by Prof. 
Bond. [S.] 

602, 608. Seen certainly Feb. 10, 1863 ; positions by diagram of that date. 

a-«, 6-8. 

612, 618. Mean of — leC'o 4-24'o> 

—110 -1-26 Oi fr»" numerous diagrams. 

and of -16.8 4-25.3) , 

-9.8 +24.3} ^™»P-8««- 

617, 619, 624, 633, 640. These with 628 are the six stara of the trapezium, and do not occur, with the 
exception of 624, in the zones ; but were determined by micrometric observations in coanection with 628, 
made December 14, 1857. 
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Denotiiig the BUr No. 633 hy a, and the remainder hj Idapunoff'a lettera, vre have the foUoifing obseir^ 



A. Or FosniOR and Distahck. 





Podlioii. No. Ob.. DliL 


Star a, trwa a 


120° 16' 6 


4.^1 


» " a 


SIO 26 S 


13.07 


J, - » 


349 40 3 


4.05 


d " i 


32 12 2 


9.10 


d ' c 


298 56 2 


18.86 




B. Of Diffebbkcbs or 


Declikatioh. 


TM.TKcdmi h, 




2.S5 


d " i 




7.46 


i " « 




9.44 


li " a 




16.25 


i « o. 




18.28 



MivObt. HafnSwJM. 



The values of theM atara' co<frdliiatefl were new aaaumed as (bUows : . 
8-8. 
a, <" - 2;'02 

> i +8.44 



e 
d 


i" 




+18J0 

+ 6.6S 
+15.92 




4 


except those of the tint lioe, 


were taken fivm Liapuno£ 






No. in 
SniM. 




an 




c-c 

As,!.. 


Dist. 




1. 


120° n' 


4^01 




+ I 


o'.'oo 




2. 


811 46 


12.67 




+ 80 - 


-0.40 




8. 


846 19 


8.97 




—201 - 


-0.08 




4. 


82 22 


8.86 




+ 10 - 


-0.24 




fi. 


299 4 


19.09 




+ 8 +0.23 








(^omp'd DIIT. Dm. 




C~0 




e. 




- S"62 






-O^OT 




7. 

8. 




+ 7.48 
+ 9.27 






+0.02 
-0.17 




9. 
10. 




+15.92 
-17.94 






-0.33 
-fOJ4 




equations 


to be solved by least squares, are these. 










0= o"oo- 


-0.86 df 




-0.50 dif 




1.25 




= +0.29+0.75 di 
= — 0.28+0.24(<fi"'- 
=+0.03-0.54{</£"- 
=+0.04+0.86(rf£"- 


-dO 


+0.67 d,, 
+0.97(jy' 
+0.84(iV 
+OM(d^i 


-til) 
-J,) 


0.75 
0.75 
0.50 
OJO 



(«-».) CO. a 

+ 8'46 , 

- 9.45 

10.39 

+11.97 

4.71 



A dp 

+0.29 
-0.23 
+0.03 
+0.04 
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0= 0''00-0.50 di*" +0.8G rfij" 1. 

— _0.40-H}.67 rff -0.75 rfq 1. 

— _ OM-\-0.97 (di">~di) ~0.2i{d^"-dy,) 1. 
= - 0.24-|-0.84(rfi"-rfO -|-0.54(rfT/'-rf,) I. 
= + 0.23-|-0.49(df"-(ii') -0.86(rfV'-rf V) 1. 

0=-0.67-|-rf£"'-rfi" 1. 

:=^0.02-\-di"-di 1. 

= _0.17+di"-rf£' 1. 

= — 0.33-H/i" 1. 

= +0.3i-Hii''-d£" 1. 
And tbe resnlts finally obtained, 

d( =4-0''22 dfi =-o''46 f =-(- a'fiti ^ =- 9^91 9 sec 8= - 9''96 

rff = + 0.17 rfV =-0.49 (' =+ 6.82 1/ = + 11.48 V BecS = + 11.53 

rfi" = + 0.23 d^' = -0.i7 £"=+16.15 >?" = - 4-98 V'secS=- fi.OO 

di"'= + p.62 rfV"=-0.23 i"'=+ 12.92 1/"= - 10.62 ^'sec 8= - 10.67 

d£''=-0.05 rfV'= 0.00 £"=- 2.07 >)'•=+ 3.46 i,''»ecS = + 3.48 
as in the catalogue. 

621, 625. See note to 601. 

622. Tbe difference of declination beltreen this star and 9 was obtuned on 1863, Feb. 7tb, bj four obser- 
valiong, wlucb read thiu:.— 

«8.25 27"0 

58.13 28.1 * 

63.79 27.8 

63.84 27.8 

Coinddence, 61.002 Mean, 27.55 

Tito obseirations of douhU dietance give 2d.^'8 and 27."8, emplojing the previous valae of tbe cmocidence. 
These received each half weight, and the value 27."8 in the catalogue was obtained. 
The right-ascension was derived from a chart by G. P. B. himself. 

624. See note to 617. The value 16."0 of the declination of this star baa been uaed throughout, as a zero 
of reference for all the zones about Orionis. The brightest star of the trapedum (No. 628) was observed 
but 3 and 4 times in tbe zones, whereas 624 was 20 limes. 

631. A very faint star. The pbice depends upon diagrams of 1850 March 5, 1863 Jan. 31, Feb. 7. 
633. See note to 617. 
636. Prom various diagrams. 

638. The observations of this star in the zones near 6 and in those near c Orionis, give the following values. 
«— "e No. 0I». S— So No. Ob». 

Zones near 6 +0.69 fi +1172.2 4 

" C +0.75 1 +1169.2 1 

Tbe former have bad double weight. 
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640. See 617. 

641. Two determinations. On April 7tb, 1664, it was estimBted to be 15" dislant from 635, in th« direo- 
tion of 652 ; Qaa would give 

a— B,+12."6 6— 8o+112."7 ! the observation on page 42, Rev. Zone, 5, 

gives -|-11."2 -{-109."7, and the mean of these two has been laken. 

642. From a verjr carefully executed diagram, March 5, 1850; the definition was then most admirable. 
647. The position of the star p*, page 42, is not given in tlie catalogue. Frof. Bond sajs, " It is probably 

an imperfect observation of 0, and should be rejected." It will be noticed that the position of page 42 ie 
nearer in declination (o the star ^:=No. 651. 1 think that when the declination was observed the latter fainter 
star was seen on the scale. 

The position of 647 is derived from the following sonrees. 

1. 1(8 angle of position from the two stars 624 and 635 was measured 1863, Jan. Slat 

Angle from U" (624) SI" 58' (3 obs.) 
« & (635) 166 3 (3 obs.) 

These results give us a— a, +23."33 8— S, -f38."06 

2. Its difference of AR. from S OrionU (628) was measured on April 1 6, 1864 ; a— b, = 22."65 ; of decli- 
nation 38."33 on the same date, and S7."62 on Jan. 31, 1863. 

3. Its difference of declination from 624 was found on Jan. 31, 1863, to be -]-21."94, or -|-37."94 from 628, 
employing as usual I6."Q for 624. 

4. The star occurs in Bevision Zone S, a—a, -|-23."25 S— $„ -f-37."9. 

The adopted value of a— a, is slightly erroneous, owing to the position from No. I being laken as -|-22."17. 
The values might he thus combined : — 



From 624 and «35 


o-o, +23.33 


8-8. +38.06 I 


" 628 


+22.65 


+38.33 1 


" 628 




+37.62 1 


» 62* 




+37.94 1 


" Bevision Zone, 


+23.25 


+37.9 i 


Mean, 


+23.1 


+37.98 



648. From diagrams 1859 March 10, 18C0 Jan. 16, 1863 Feb. 7, with estimate. 

651. This star is distant from 647 12."4 in angle of position 38° 40' by chart and diagrams ; the employ- 
ment of ibe former star's catal«^e place, makes Ihat of this cme -|-30."4 -)-47."7 ; while from page 42 we derive 
-|-28."5 -{-47 ."9 ; the mean of which occurs in the catalogue. It is Struve'a ad 75, and on G. P. Bond's 
authority I have identified it wilh W. C. Bond, No. 27, with some besilaiion. I am inclined to think the 
obiervaUon of 27 is erroneous, but ihero can be no doubt that G. P. Bond's G51 was seen by the elder Bond. 

652, 657, 663, 681. The coordinates of these stars with reference to 669 were determined in December, 
1857. Observations of differences of AR. (by transits) were made on the 14th of that month, and of dif- 
ferences of declination on the 19th ; which give (employing for 669 its place -|-63."3 -{-100."0 as in the 
catalogue) 

a—a, 8—8, 

652 -|-29'5 -|-17l''6 

657 +37.1 -J-165.1 
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663 +52.1 +147.3 

681 +85.8 +173.6 

These bave been combined with the obsemttions of 1858, Jan. 14th (page 42). 

As here given, the right ascensiona have been corrected bj 0."3, usee their combination with thoee joat 
allnded to, and I have left the catalogue places as ibtj stood before the correction was made. 

In combining the declinations, those of 1857, Dec. 19tb, have recmved double weight, because the; an 
measures with the filar micrometer. 

654. This is the variable Herschel 78 ; see Sect IT. Part 11. The right ascension of this star was 
determined by micrometrical measurement from $ Ononis, April 16tb, 1864; ila dedinatton depends on 
numerous diagrams. 

666, 677. 

1657, Dec 19th, 666 precedes 741 ILKIO; is sontb of it 85."34 1^ micrometer. 

1858, March lOlh, 666 follows 570 10. 50 

1864, March 24th, 666 fallows 570 10. 15 

1857, Dec 19th, 677 precedes 685 1. 50 

1858, March 10th, 677 follows 570 11.75 

1857, Dec 19ih, 677 is sontb of 666 by 5" on the scale. 

1864, March 24th, estimated position and distance of 677 from 666, 198° (an erident ^ror for 108°) and 
20". Hence difierence AE. Dec +19."0 -6."2. 
We have then 





o-o. 


wt 


8-8. 


666. 1857, D=c 19, 


+6((i 


1 


-195''84 


1858, March 10, 


+62.7 


2 




1864, March 24, 


+57.4 
+59.7 


3 




Adople* 


-196.8 


677, 1857, Dec. 19, 


+75.2 


1 




1858, March 10, 


+81.5 


1 






+78.4 


3 




From 666, 


+78.7 


3 


-201.4 


Adopted, 


+78.6 




-201.4 



671. 1857, Dec 14tb. Angle of position and distance from 624, 118° 52' and 83."94i hence a— «, 
:s=+68."86 and 8— £, =: — 24."52 ; employing as usual — 5."0 and +16."0 for the ooordinates of 624. 

1858, March 10th, page 43, we find a-a, = +73."5 S-5,= — 21."6. 

1864, April 16, by direct measurement, «— a, = +69."09 8—8,= — 25."67. 

Combining these values with the weights for AS. 3, 1, 3, and for Dec 2, 1, 2, we obtain the numben in the 
catalogue. 

675. From a diagram of Febnuuy 7, 1863. 

676. Tlie angle of position of this star frxnn 671 was twice eaUnuded as 113° 3^ and 109° 80' by ibe eon- 
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figDmtioD relatively to the trapezium. Ttiis w&i combined with their relative Bituation, from page 43, to liir- 
Dish the differences between iht^m, -|-6."9 and — 3."2, nctuall}' employed in the catalogue. 

678. A chait-value for this star's declination -|-857" was origioally combined with the result here given 
from page 41. I suppose the latter to be the more correct. 

681. See 653. 

684. In ideniifjing this star with Herschel 90, which otherwise Is not in this catalogue, it has been assumed 
that the A NPD of that astronomer has the wrong sign. 

686, 688. See 601. No. 686 is marked by G. P. B. as "not or chart"; and Herschel 91, with which 
it is probably iden^cal, is most likely a condensation of nebulous malter, as O. Strove observes in his article, 
" Ueber das von Herm W. Lnssell in Malta aufgeslellto Spie^lteleskop," in Volume III. of the " Manges 
Matbematiques et Astronomiqucs." 

709. The difference o( declination between this star aud 741 was micrometricnlly determined on December 
19, 1857, to be — 25."64; giving as 8—8, — 136."I4. This received a weight of 3 in combination with the 
value on page 43. 

716. Double. Companion distant 4", in position 50° ; ma^itude 10.2. See al^ Slrnve C. G. 607, Men* 
snrae micromelricae, page 91. 

717. Position derived from 715, by estimate of position and dbluice, 150° and 12". 

739. A very faint star; three charts give +219" +274", and the observation on page 42 +221."4 
+258."2; the mean has been with some doubt inserted in the catalogues. It whs seen 1862 March 19lh, 
1863 Jan. 19ih, 1864 Jan. 25th, besides 1858 Jan. 14th. 

759, "The pUce of this very faint star by observation in regular coutw, 1858, Jan. 14th, is confirmed by 
diagrams and observations Jan. 23, 1863"; the value thus obtaioed being o— a, = +284", 8— 8„+108". 

762. Note in Equatorial day-book, April 7, 1864. « H. 115 was seen with difficulty, 18.'0 preceding S*" 
(No. 843), and 5" north of it." The catalogue position is derived from this observation, and it appears not to 
have been previously visible at Cambridge, possibly from variability. 
776. " Two readings from projeclion of place, on tracing from Herschel'a chart, give 
o-a. S-S. 

+360" +385" 

+366 +374 

+363 +380." 

G. P. B. lias taken the mean here without the tenths, as the observations are but estimates. 

778. This star occun in Revision Zone 9, March 13, 1858, and was nl:^ observed on Mareh 24, 1864. being 
found to precede 784 by 1.'5, and by the scale to be I' 8" north of it. Consequeotly we have 

1858, March 13, +24.'51 — 3'33'8 

1864, March 24, +24. 39 —3 38.1 

+24.45 -3 36.0 ~ 

779. By chart, 1862, March 28ih. 

797. By chart, April 7, 1864, found to be 57" distant from 781 in the angle of position 110°; hence 
A a+53."8 A S -19."5 ; the position being ihns +427."4 +176."0, which latter combined with +169."4 
fixim Bevision Zone 6, .Ian. 20, 1858, gires +I72."7. The AR. from the Revision Zone appears to be 1* in 
■rror. 

34 
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798. Derived from 799 by the angle of pa<itioa and distance. 
801. Tliis 19 a new etar, and variable, near al^ to the variable, No. 822. 
808. See pages 8, 40, 42, for the declination of thi^ star. 
840. From a chart, Feb. 7, 1863 ; see note on page 43. 

863. For the right ascension of tbid sUr an ob^erfalion, made April 7, 1864, 863—734 =30.*70, was o 
bined with tbat made on Jan. 20, 1858. The resulting a— n, are 

1858, Jan. 20, 
1864, April 7, 



873. The (losition from zones 20, 21 has received a weight = 2; tiiat from page 42 a weight :=1. 

880. Double. Comp. 10".2 ; 3" disL 

888. The po-iiion from Zone I. page 45, has received a weight = 1 ; that from pages 23 and 40 combined, 
depending on 9 and 8 observations, a weight =3. 

933. Annulnr nebula. 

949. From three estimates of distance, 8", 9", 10", and one estimate of angle of position, 295°, with refer- 
ence to 954. 

9S7. Confirmed by a cliart, March 28, 1862, which gives «— b,+1249", 8-S,-(-577". 

968. Nomenclature not in regular order, as the etar was more conveniently referred to 934. 

1004,1035. Compared on Jan. 23, 1863, with 1028, as follows: — 



&S 



1004- 
1035- 



■ 1028 
1028 



-1'12" 
-126 



— 12.'50 
-I- 2.50 

1011. Declination from a diagram, March 28, 1862; right ascension from page 42. 

1023, 1029, 1047, 1050. From chart, Harch 28, 1862. 

1035. See 1004. 

1044, 1068. From brief extension zones. 

1051. Observed February 7, 1863; 1051-1015 = -^-15.*00 -4/10.", which girea 

a-a. S-8, 

-|-2°7.01=1905''l5 -t-638''9 

An extension zone, 1902.27 -\-54fiS> 

The mean of these is given in the catalogue. 

1053. Ob^rved in two extension zones, and on page 57. 
The three positions, reduced to 1864, give 

Extension Zone near Orionis, -\-2 7.53 
« ft M c Ononis, 7.79 

Page 57, 7.29 

Mean 1864.0, +2 7.537 

Precession, — 0.037 

1857.0, +2 7.50 -J-19 llJi 



+19 


11^ 




10.0 




as 


+19 


10.23 


+ 


1.54 
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1061. From an extension Eone near 6 Ononis. 

1067. From (wo extension zones near 6 Orionis : which give retpeciivelj 

(1864.0) +2"l3!o8 _l''l 

+2 13.37 -1-8.0 

The dectinaiion doe« not appear especially secure. 

1077. From a brief extension zone, combined wilh p. 57 ; the result of the former (1864.0) is -1-2" IS.*?? 
-|-25'50."5. The declination of p. 57 is 3' in error hy my own observaliotu 



(B.) NOTES TO THE DIFFERENTIAL CATALOGUE 

I have ipven in what follows some marginal nolei>, in Prof. Bonil's handwriting, to a copy of Stnive's Me- 
moir. These are the statements mentioned as G. F. B's. B. denotes here W. C. B. 

347. Her^i^htfl 15 was identified with this star by Strove, and there appears to be no other star to which it 
can be referred. 

500. In tliia and olht^r similar cases, No<i. 530, 536, 538, etc., I hare made the comparison after referring 
HiTsohel's positions of these stars (Cape Results, page 12) to G. P. B.'s, hy the mean difference of all Ihe 
etars near c Orionis. 

543. There is some large error in Linpunoff's determination of this star. 

551. "B. 6, 8, probably identical" (Strove). Confirmed by G. P. B. 

552. B. 7. Not seen by Strove. Supposed by him to be identical with 580= H. 56. 

567, &75. B. 10 and 11. Supposed by Struve to be idenlicaI=H. 57. G. F. B. says, "B. 10 and B. 11 
aro distinct stars. ^ and r,"." I have assumed that Uerschel 57 'u composed of 575 and 589, indistinctly seen. 
Struve suspectd hid U. 57, which is No. 589, to be variable. Probably in Siruve's Memoir, page 93, Bond 10 
should be called H. 51, and Bond 15, H. 57. 

580. B. 42. Wrong sign in AB. 

589. B. 15 called by Strove = LI. 43 = H. 51, probably an error for H. 57. Lassell 43 is nearer to 595 
than to 5S9 ; so also is W. C. B. 15. 

612, 622, 618, 636. W. C. B. 16, 18, 19, 20, 24. Strove says, ■•None of these sUrs, situated in the imme- 
diate vidnity of the trapezium, have been reci^ized by me, and ihey are in no other catalogue. The 
existence of these five stars appears to me very doubifuL" 6. P. B. saya, "All these stars I have often seen, 
excepting B. 20, tmless that be v" (642). 

647, 651. B. 26 and 27. Strove says, probably identical. He ha^ since seen them separately at Malta. 
B. 27 b hia ad 75. See note to 651 on p. 105. 

666, 677. B. 30 and 34 Stmve says, are identical = H. 81. He has since seen them separately, and B. 34 
is his ad 81. 

676, 686. B. 43, 44. Struve says, " probably identical = H. 91." B. 44 is probably the same object as 
H. 91, and Struve has since seen B. 43 at Malta; it U his ud 88. 

634, 693, 703. B. 56, 58, 59. G. P- B. soy.-, " H. in Struve's catalogue, is wrong both in AR. and Dec. 
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for these three stars 15" to 20". B. 60". (o 100" in AR. Stnive's catalogue has wrong sign Tor Dec. o( H. 
90, and it is missing on his chart." 

732, 746. B. 63, 64. Struve supposes B. 72 and 74 identical with 63 and G4. G. P. B. sajB, " prob- 
»b]y explained rightly." 
■ 759. B. 67. =H. 114. " B. is right. H. 20" in error." G. P. B. 

767. B. 69, 73. " Not in Harvard Zones." G. P. B. I have assumed the identity of 7G7 and B. 69. 
B. 71. Not found in Harvard Zones. 

Stmve V= R 77. G. F- B. says, " 1 doubt the existence of ihis srar independently of t', (H. 114)." 

783, 795. B. 81, 84. Struve says, "identical" G. P. fi. says, " These are two distinct siars, H. 122 
and 125." There is, however, an error of 1' in B.'s position. 

797. B. 85. Struve says, " B. 85 does not exist in the hesvens." lis position agrees very closely with the 
Harvard Zones. 

801. B. 86. Slmve says, '• Probahly identical with B. 78." These are distinct stars. G. P. B. 

825. B. 88. Srruve says, it "does not exist in the heavens." It is H. 131. Error of about 25" in 
Herschel, of about 55" in B. 

864. B. 92. Error of 40" in Herschel, 80" in Bond. 
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SECTION IV. PART I. 



ON THE MAGNITUDES OF THE STARS CONTATNED IN THE PRECEDING 
CATALOGUE. 

The difficulties which attend the proper investigation of this subject are very great j 
and it was Prof. Bond's desire and intention, which he only gave up very reluctantly, 
to submit the whole matter to a very thorough discussion. But time and strength 
failed him to accomplish this object to bis own satisfaction; and the preliminary results 
for magnitude which precede, are those which are given in the papers entrusted to my 
care. They accompany the stars' positions, as well in the partial catalogues which 
were subjected to his own revision, as in the copy of the final catalogue which he did 
not see completed, but which was made according to his own directions. 

I have, however, omitted from the printed catalogue the magnitudes of the stars a 
and d of the trapezium, as they were manifestly given too faint; and, as will be seen 
by the comparisons which come a few pages later, it would perhaps have been better 
to do the same with a few others. 

I shall begin by giving an account of the method of sequences which Prof Bond 
employed, to connect the magnitudes of neighboring stars, and of the method in which 
I myself reduced these in 1864, under his immediate direction. 
The sequences are thus arranged in the original manuscripts. 
The stars' names are written in the order of their magnitude. 
Upon the same line are given stars which differ but slightly. 
Upon comeoitive lines those which difier more largely. 

And in some cases it is stated that the difference between two stars on consecutive 
lines is larger than usual. 

The following method was suggested by myself for the reduction of such observa- 
tions, and carried out. 

The slight difference between two stars on the same line was called 1 grade ; the 
greater difference between two stars on consecutive lines, 2 grades, and where noted 
as especially large, 3 grades. To the brightest star observed in one group or sequence 
of stars was assigned the magnitude grades; to the next brightest, the number of 
grades by which it differed from the previous one, and so on. 
35 
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For example, I give below the first sequence observed, 1858, Jan. 4th. 

K, much the brightest. 

F. D. A. 

H. G. 1. 

C.E. 

B. 

«! 

1 inferred from this, that if ^ represented the number of grades by which each star 
differed from K, the value of ff for the star F would be 3, as the name F occurs first 
on the second line, and K is called much brighter. Again, ff for D would be 4, for A 5, 
as these occur in succession on the same line ; for H, it would be 7, and so forth, as in 
the following reduction. 

Half grades occur where the difference between two stars is considered doubtfuL 
It now becomes necessary to ascertain what these numbers y represent In the first 
place tlie stars selected as the brightest in each sequence being not identical in diffei> 
ent cases, for the magnitudes on any ordinary scale each sequence will be represented 
for any case by 

Where a: is a number varying from one sequence to another, denoting the magni- 
tude of the star for which y = 0, or the brightest star in the sequence ; while y is the 
ratio of a grade to a magnitude, which may or may not vary from one sequence to 
another. I assumed, by Prof Bond's direction, that y was constant for the whole series 
of observations, and equal to 0.25 j a previous detennination of the value of y from 
the materials contained below, by the method of least squares, having shown that in 
general the variation of y Irom 0.25 exceeded but slightly its probable error. 

In otlier words, the assumption was that a variation of 0." 25 on G. P. Bond's scale 
was equivalent to the difference between the magnitudes of two stars upon the same 
line ; that the difference between two stars in succeeding lines was equal to 0." 50 (or 
0.° 75 in case of very large differences), and these assumptions best harmonized the 
observations of sequences with those of magnitudes made directly. 

This process has in general given results corresponding quite nearly to the magni- 
tudes estimated directly, though there are one or two cases of discrepancy among the 
brighter stars. 

The following tables give the sequences, reduced in the first place to grades, and 
secondly to magnitudes j ff being the grade, m the observed magnitude. 
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10.5 
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11.0 
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12.0 
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11.8 


P 


1 3.5 


11.3 


11.5 






B 




12.0 


12.3 





14.5 


12.0 


11.7 






e, 




12.3 


12.8 


T 


16.5 


12.0 


12.2 






f. 






13.3 


U 


17.5 


12.0 


12.5 






18S8, Jii. M, Sequence L 


1858, Ma. at. Sequence U. 
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10.8 


T 
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7.3 


8.7 
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12.0 
13.0 
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1898, 
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1858, 


Feb. 8, Sequence IL 
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13.0 


12.8 


0" 


10 


12.3 


12.2 






H" 


10 


13.0 
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1858, Harck 20, Sequence I. 
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12.0 
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12.2 
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9 
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1858, March SO, SeqiKDCe L 


Continaed. 


SOrtHHU 


. , 


» 


>/ 


B'" 


10 


11.0 


10-4 


E'" 


12 


11.0 


10.9 


A'" 


13 


11.0 


11.2 


QUI 


15 


12.0 


11.7 


F'li 


17 


12.0 


12.2 


O"' 


19 


12.0 


12.7 


P"' 


20 


12.3 


12.9 


K'" 


22 


13.3 


13.4 



All the preceding sequences were reduced by the formula ni'=m'°+ 0.25^^ where 
m'' is the value of m' for^=0; and the sum of the deviations m'—m is 0, except so 
far as owing to decimals, beyond the first, of a magnitude. The values of m were 
always estimated on the same night, for the foregoing sequences. 

The sequences which follow diifer nowise from those that precede, excepting that 
the value of m" below were taken from a preliminary catalogue of magnitudes, obtained 
from the Zones of Section I j and were not estimated the same night that the values 
of ff were. 



ISSS, Jan. 8, Sequence I. 


I8§8, 
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1858, Feb. 12, Se«Mnce H. 
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The numbers m' in the previous discussion were brought together for each star in- 
cluded in it, by myself; and on the sheet containing them is this remark, written in 
red ink, to call attention to it, by Prof Bond himself. "These results have been adopted 
for the final catalogue," under the heading, in my own hand, " Final magnitudes (from 
Sequences) of Prof Bond's Scale." 

For other stars the adopted magnitudes on Prof. Bond's scale were those directly 
estimated by himself, and given in the preceding pages, and to a slight extent in the 
following cases. In order to reduce these magnitudes to greater accordance with the 
common (Argelander's) scale, he observed a number of stars in the latter author's 
Stemverzeichniss, near the equator, and in the constellation Orion and vicinity, as 
near as possible to the nebula ; and these observations now follow. In these I acted 
as his amanuensis, and selected for him, as be sat at the telescope, a region which 
could he easily found by neighboring stars, and which was north of — 2" declination ; 
consequently Prof Bond was unaware of the magnitudes of the catalogue stars, to 
which I directed him as they came in their order of AR, and could make an esti- 
mate very free from previous knowledge. In connection with this, he reobserved 
some stars in his own nebula-catalogue, thus nearly diminishing any effect from the 
altitude of the nebula, or the state of the atmosphere. 

* Some of theie S«qaencei are written in inrerted ordeT In tbc jourod of obterTfttiont, koA u« thua a liitle eoofiued. 
Ther haTe been printMl at in tbe iheeb which puied nniler Prof. Boad'* intpecljon. 
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18M, March IS. Continued. 
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of clouds and haze 


diminUhed 


coDiidence i 


3 above estimates. 


Power used, 141. 




on, and other circumstances as | 


□Bual when 











Digitized by VjOOQIC 



THE aBEAT REBULA OV OEIOIt. 











I8M, 


March 21. 








Magnimd*! from StfmverzeieknU: 


Bright moonlight, guile dear, definitiim not good; ttiimalet made | 










with a good 


deal of hetitation. 










No. fr. ShmT. 










No. fr. SlernT. 




i:-.u«g 




+1" 


M«([.fr. SteniT. 


£.1. M-B 




+r 


Mig. fr. Sltinv. 


9 




804 




9.0 


9.10 




788 


9.5 


9.10 




805 




9.3 


9 




786 


8.8 


11 




812» 




9.3 


9.10 




784 


9JS 


9 




601 




9.2 


10 




780 


9.5 


6.7 




800 




5.0 


9 




774 


9.5 


10 




795; 






7 




773 


7.2 


9.10 






9.3 


9 




772 


9.2 


9 




799 




9.0 


8.9 




767 


9.8 


10.11 




790 > 




9.2 


9.10 9 


} 


766 


8.8 


10 








9.10 9 










The stars obiten-ed were at about the altitude of the nebula. 








This serie 


from 7" 20- to 7" 37" Sid. Ume 












Start in Nebula 










Zone 11. 








SMrofOld 








Stu. 




M^. 


M.g. 




Or. Zona. 




H^;. ISES. 




H 




9 


11 




E' 




12 




G 




7.8 


9.10 




F' 




10.10 11 




F 




8.9 


9.10 




C 




10.11 11 




E 




7.8 


10.11 




ly 




11.1212 




D 




12 


12 




& 




1212.13 




c 




13 


10 




H' 




12 




B 




11 


11 

9.10 




(y 

0* 




12 
11 




A 




17 banlj vis. 


11.12 




K' 




13 










10 




T' 




11.12 






Zone IV. 




11 




N 




11.12 










12 




P 




11.12 




E 




8 7.8 


9 




M 




10 




L 




11 


8.9 




L 




9.10 




U 




8.9 


7.8 8 




K 




8 




N 




9.10 


10 




I 




11.12 





P 




9 
12 
11 


7»M« art tht ttan of the Orion Zona ihenwlw 


' 


R 




13 














s 




12 


we note go 


on to Zones about e Orionit. 




T 




10.11 






Zone I. 








U 
V 




10.11 
18.14 




SUt 




M-g 














M 




8.9 








ZOM V. 






N 




12 



















10 






L 




9.10 




P 




8 






U 




7.8 8 




Q 




16 






N 




7.8 




R 




10-11 









18 




S 




10 






P 




9.10 



* Another atar (lOth) ii 2' N. 



Digitized by CjOOQIC 



; QEIUT NEBtlU OS OBION. 









186^ March SI. 


CoBtiDHed. 












Zone V. 








Zontt 


xor « (Mnu. 






StM. 




Uf. 




star. 




•Iw 




U>g.l8U. 




Q 




7.8 




R" 




8 




9 




B 




7 




B"B" 




7.8 




7.8 8 




S 


Zont YL 


8 




E"E" 




9.10 

8 

10 
10.11 




11 
9.10 

11.12 




D 

E 
F 




11.12 




N"N" 




10.11 




11.12 






11 




0"0" 




10.11 11 




11.12 






11.12 




Q"' 




9.10 








Q 




11 




D"' 




9.10 




10.11 




H 




8.9 




E"' 




9.10 




11 




I 




8 7.8 




F'" 




11.12 




12 




K 




10 




G"' 




11.12 




12 




L 




8.9 




H'" 




9 




9.10 




M 




9 




V" 




8.9 




9.10 




N 




7.8 




K'" 




13 




IS 









11 




L"' 




8 




8.9 




P 




10 
















Q 




10 


























Zone X luor i Oriomt. 








Zone VIIL 








6to. 




H» 






F 




12 






L 




11 






G 




11 






M 




9 






H 




11 






N 




< 






K 




11 






O 




10.11 






L 




DOtieen. 




P 




9 






M 




12 






S 




t 






N 




11.12 






B 




» 











13 






8 




U 






p 




13 






T 




9 






Q 




10 






U 




U jut viiibki. 1 












w 




11 








Zone IX. 










ZmtXU. 








I 




10.11 
















K 




7.8 




Comp. I Or. 




9 






L 




13.14 






u 




8 






M 




12 






T 




< 






N 




13 






S 




7 











12 






B 




8.9 






P 




10 






? 




9 






Q 




11 








10 
















o 




not Tfaible. 1 














N 






u a 




ZoTUM near 6 Orionit. 






H 




19 
















L 




9.10 




Star. 




Mag. 




Mag. IS6B. 




K 




13 




M'" 




10.11 




0.11 11 




I 




14 




N" 




8.9 




9.10 




F 




9 




P" 




9 




11.12 




E 




IS 





Digitized by VjOOQIC 



120 THE QREAT NEBULA 0? OaiON. 



S 
T 
U 
V 

w 
Q 
p 
o 



1861, March ei. CoQtlQoed. 
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* Two itan (^ thU magnUode make up —1° 981. 
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Continued clear (perfectly s 


o to appearance), witli 


bright moonlight, moon nearly full. 




Stare OTdinarily estimated as 


13 are near limit of vision lo-night at low altitude of nebula. TUose 1 


noted as 13- 


-U and li are the faiDtest visible to-night. 







REMARKS. 

The plan proposed in the foregoing observations was to observe a certain number of stars in Argelandcr** 
Stemverzeichniss (without knowledge of his magnitudes), at near the altitudes of the nebula, and then to 
observe a few in each zone of the nebula, afterwards returning to the Stemverzeichniss. The sky was so full 
of light, thai there was not much confidence felt in the estimate of magnitudes ; but I should anUcipate that 
the 12tli magnitudes would be pretty consistent, as the illuminated scale was employed as usual. The fainter 
stars, called 15tb, I6th, and 17th, in zones about f, c and t Ononis, were invisible, probably also the 14th. 

H. 6. The identity of system of magnitudes here, as well as in zones about B, c and t Ononis, has not been 
intentionally deviated from. G. F. B. 



The previous observations were projectei3 on squared paper, under Professor Bond's 
direction; the paper containing the curves states that IS^.O was adopted as the limit 
of usual visibility on Argelander's scale, with the 14 inch refractor ; this corresponds 
to the 17.18 magnitude on G. P. B.'s scale. 

The notation 10.11 11 and the like denotes that the magnitude was estimated as 
between 10.11 and 11, or other numbers so used. See the bottom of page 122. 
The following table and introduction were written out for pres.s, Nov. 29, 1864 ; and 
its results have been iised in the subsequent reductions of magnitudes in the partial 
catalogues, which were completed in Prof. Bond's lifetime. I do not know why the 
column **G. P. B. in 1857-8" was not used at all, and I have therefore not ventured 
to use them myself, but have tell the magnitudes as they stand in the partial catar 
logues, excepting when two or more observations of the same star were combined. 
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The preseDt reduction is not regarded as final, although pivbably oon«ct, considenibljr nitbin the 
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G.P.B. 
In 
1881. 


Arg. 
sir. 


G.P.B. 

In 
1SB7-88. 


7"o 7M 
.1 .9 
.2 8.0 
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12.0 14.5 
.1 .6 
.2 .7 
.2 .8 
.3 .9 


12.7 
.8 
.8 
.9 

13.0 


13.6 
.6 
.7 
.7 
.8 


17.5 
.6 
.7 
.8 
.9 


15.2 
.3 
.4 
.4 
.6 


17.6 
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.9 .9 .5 
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.7 .9 


13.6 
.6 
.7 
.7 
.8 


14.4 
.5 
.7 
.8 
.9 








Redaction to decimals ot Mag. was effected, as in the following example,— 










9.10 =9.3 
9.10 9 = 9.2 
9.1010 = 9.5 




10.9 = 
10.9 10 = 
10.9 9 = 


9.7 
9.8 
9.5 
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The magnitudes given on pages 1-22, 1 suppose to be only provisional ; but as they 
BOmetimes differ rather more than is desirable from the values in the General Cata- 
logue, especially in the case of the brighter stars, I give them below, in all cases where 
a star occurs in the zones near $ Orionis, as brighter than the 10th magnitude. The 
values here given appear for these stars to be the best 
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M' 
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8.3 
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8.5 


9.6 


784 
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8. 


8.6 


9.0 
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7.1 


7.8 


8.6 
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9.9 


9.2 


9.9 
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yiii 


6.5 




7.8 


926 


L"L" 


9.9 


9.2 


10.0 



* B; toble on previoiu page. 
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SECTION IV. PART II. 



ON THE VARIABLE STARS IN THE GREAT NEBULA OF OEION. 

It is proper to begin this Part with the observatioDS relating to the star Herschel 
78 (No. 654 of the Catalogue in the present work), which I have been able to collect 
from the manuscripts of W. C. Bond and G. P. Bond. 

The variability of this star waa alluded to in Prof. W. C. Bond's Memoir on the 
Nebula, read before the American Academy, in April, 1848, and published, as it 
appears, in that year. The statement ia the following. "Hia [Sir John Herschel's] 
star No. 75 is well seen, but No. 78, to which the same magnitude is given in his table, 
has not been seen steadily by me. Indeed, the observations upon it at different times 
have been so contradictory, that I could only account for the discrepancies by suppos- 
ing it to be a variable star of short period." 

The foot-notes to the observations are the editor's ; so also the remarks in brackets. 

1848, Feb. 26. Sir J. H.'s star just following ^ in trapezium, we onl^ see by glimpses. W. C. B. 

1848, March 23. It was uncommonly fine seeing just as twilight ended; I saw many stard in ihe neighbor- 
hood of the trapezium, and Sir John Herschel's star,* the sixth star, stood out boldly. W. C. B. 

1850, Feb. 1, 7 F. M. The star 78 of Sir John Herschel':) Catahigue is steadily seen con^-iderahly ubove 
the line joining the two following stars of the lrai>ezium, making an angle of about 15° or 20°. W. C. B. 

1850, Feb. 7, 9.30 P. M. Looked at nebula in Orion ; very fine vision ; the small star^ e&'<ily ^een, but the 
Herschel star haa disappeared ; x a very small star is seen as well aa Lassell's etars, steadily, but of " ^ " 
there is not a suspicion ; under the circumstanced there can be no doubt that it is variable with a short period. 
I remember having seen it io January (or December), when it was so distinct that I never once thought of its 
being the star we had tried so hard to see when preparing the engraving, until father told me it was the " A " 
star. G. P. B. [A diagram accompanies this j a: = 636 G. P. B. A = Herschel 78.] 

1850, Feb. 11, 12, 15, 16. Surf not seen, but the seeing ia bad. G. P. B. 

1850, Feb. 13. The variable star near 6> Ononis (78) was not visible to-night Gk>od seeing. W. C B. 

1850, March 2. Bad seeing, but the variable star u now visible whenever the air is not violently disturbed, 
and it is easier to see than the star n J s. of a. For a fortnight past the moon has been too bright for cer- 
tainly deciding whether the star had reappeared or not, but it was only within a few days that we have Buspectt^d 
its reappearance. O. P. B. 

* I anppoie tliii note refen to the known sixth itar of the trapezium. 
t Thii ii written on the aame page, and immediately below the laat note, 
t This appear* to be W. C. B. 24 = No. 6M of the preaent work. 
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1850, March 4. Good seeing. Saw the HeKchel star No. 78 very distinctly ; it can even be seen when 
looking steadily at it. It is now brighter than No. 2i, a little less than No. 26, and about equal to No. 27 
(which seems to have been estimated too low). The new star oear No. 23 * b seen easilj. [ should call No. 
78 = 17 Mag. G. P. B. 

1850, March 5. I can scarcely recall an evening or more admirable dtfinition ; " A " t >s brighter, I think, 
than on last evening. It is now decidedly brighter than n, and almost equal to m, but very much brighter 
than p, which is a very small star. It is not easy to say whether " A " or m is brightest. One new star is tieen 
to-night near m and n ; its place is indicated by b, and there seem to be others near it. Another new star is 
seen at a. G. P. B. 

1850, March 8. Bad seeing. Can see No. 78, but I fancy it fainter than when last seen, as it is less than 
m ; but the air is disturbed. 6. P. B. 

1850, March 9. Pretty good definition, but through clouds, consequently it is difficult to see the ('mall stars. 
No. 78 is now dtcidtdly less than m, less even than n, at least it is not bo easy to see as n. G. P. B. 

1850, Mareh 15. Variable star in Orion still in sight. G. P. B. 

1850, March 2d. Cannot see No. 78, but when I looked it was getting low ; could see m, and just see n, 
hot not p. (See March 5.) G. P. B. 

1650, Oct. 31. "k" star not visible, seeing not good. 

1850, Dec 27, 11 P. M. The variable star in Orion not visible. It cannot be so bright as either of the 
stars t 1, 2, 3, or i. Vision hardly more than tolembly good. G. P. B. 

1851, Jan. 23, 10 P. M. Looked at Orion ; fine seeing; Hei-scliel star not visible. G. P. B. 

1851, Feb. 3. Looked at Orion; very fine seeing, and the "h" star (variable) certainly not to be seen, 
though we easily see the Lassell stars, etc. G. P. B. 

1852, Feb. 16, 9 P. M. Looked at Orion nebula. Saw a star 18.19 Mag. in place of a;. Sir J. Her- 
schel's variable star? [G. P. B. wlio wrote this note, aflerwards found this to be the star.] 

1857, Feb. 23 S [with diagram]. While examining a, saw k by indirect vision ; could not see it for a. long 
time even by putting a and e out of the field. Saw it however at last, and have no doubt of its existence. 
There seemed now and then to be something near x. S. C. 

1858, March 10. A diagram, drawn by G. P. B. gives the position and name of "A." See next note. 

1859, Feb. 23. At the time when x\ was visible, though faint, no trace of a star could he discerned at "A," 
where, on March 10, 1858, was a star brighter than %. Seen also in Feb. 1857, by Mr. Coolidge. G. P. B. 

1859, March 4. "A" not seen. G. P. B. 

1859, March 5.T There are three stars near the trapezium ; a is at 2^ the distance (3'— 2') east, and at 

* The ref^ncei here are to W. C. B.'i Cfttatogue, except for H. 78. 

t Bj Ibe diagrsm accompan^lDg this obserration, p is euily rmognized as W. C. B. 24 = G. P. B. 686 ; m and n as 617 
■ndB&l, H. 76andSlr. ad7&; the other two new stars here indicated ore 631 aad 642. The name "A" is used throughout 
for Herschel 78. 

X\= 647, 2 = 651, S = 612, 4 = 618, from the diagram In die ObierTing Book. 

S This note by the late M^jor Sidney Coolidge, U. S. A., a very careful and aconrate ubaerver, is a valoable one. The 
diagram irhich be gives makesi^ StruTe'i II. (leea few pages on), and x = HerBchel 78. 

n G. F. B. 636, is X by diagram ; "h" as usual is Herschel 78. 

T The diagram shows that the expresiion " diaCance (Sd — 2d) " means the distance from dUteat the traperinm ; by this 
and the diagram itself, a is possibly Herschel 78. The lit star is a of the trapezium ; and m is the point where the line from 
a of the trapezium to the unknown b, meets the line from if ti c of the trapezium. With these explanations Mr. Coolidge'a 
c is found to be 622, Struve's IL and his b 647 = Henchel 76. 
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3 tbe distance north of it ; m—b is twice the distance 1"— m; it has a reddish tinge ; c was seen once, its dis- 
tance from 1" is not quite twice the distance l"— 2'. S- C. 

1859, Mardi 10. Of «A" not a trace, though its Tidnit; was often explored; it must be nearly 1 mag. or 
more < s.* 6. P. B. 

1860, Jan. 20. Under tolerably good definition ; I could not see the "h " star, when k was plainly in 
dght. Once or twice, when ibe definition was beat, I fancied that it waa seen by glimpses, but could obtain no 
GonfirmatioD. G. P. B. 

1S60, Jan. 23. There is no possibility of deciding on tbe question of the visibility of the "h" star, as the 
definition is not sufficiently good to admit of seeing the sixth star of the trapezium. G. P. B. 

1860, Jan. 25. Cannot see "k " or even it, but ihe definition is not good. G. P. B. 

1860, Feb. 12. Under good definition saw the small star it, but could not see "A," though by glimpses a 
brightnees in nebula, possibly a star, could be pretty frequently suspected. G. P. B. 

1860, Feb. 21,t 6" Sid. T. [Diagram] drawn rapidly at instrument, t was seen at first certainly, afler- 
wards by glimpses, as was " A " ; "h" ie whitish. S. C Could see nothing of " A " at 7 P. H. ; i just dis- 
cernible. 6. P. B. 

1860, Feb. 21, 10 J P. M. [Another diagram by S. C. contains both the stan in question i "A" and G. P. 
B.'s i.] 

[There is a little discrepancy of nomenclature between the two observers ; S. C. ofrenest saw Str. IL, G. F. 
B. bis own No. 636 = W. a B. 24.] 

1861, Jan. 28. Nearly clear sky ; definition pretty good ; could see k by glimpees, but no suspicion of " A.' 
6. P. B. [The following notes are all by G. P. B.] 

1861, Feb. 13. Good definition ; slight haze in sky; it eaiiily seen, no trace of "A." 

1861, March 20. No sign of "A," though it and many small stars were seen. 

1862, Jan. 31. I cannot see the "A" star, nor make out it wiih certainty. 

1862, Feb. 18.t The variable "A" star was not seen though looked for expressly. 

1862, March 27. Good definition ; no trace of " A " star. 

1863, Jan. 30. No sign of u. So also on Jan. 23d, see p. 129. 

1863, Feb. 7. v and u> (" A " star), both frequently sought for, but conld not be seen. 
1863, Dec. 29. " A " star not seen. 

1863, Dec. 30. The variable " A " star looked for and not seen. 

1864, Jan. S, Sunday. ot^"A" star, 5^30" Sid. time. Clear, definition tolerably good. Saw immediately 
on putting the eye to the telescope that the old variable "h" has reappeared (see also April 16). It is quit« 
conspicuous = A (/>). 

The sudden reappearance of u (" A " star) is highly interesting. It was looked for carefully on the 29lh and 
flOth, and aUhough at one moment there was a suspicion (as ofren before) of a star, or brightiah knot of nebu- 
losity, it did not stand close scrutiny, whtreas now the star is conspicuous, scarcely inferior to <^ and about ^p. 

1864, Jan. 4, 5** 20" Sid. time. Saw the "A " star (u) for a few moments only, between clouds, about as 
bright ta p, not quite := ^ certainly seen ; clouded suddenly. 

Was absent until 14th, and on 16th could not see "A" star, when p could be seen, though not always on 
account of atmospheric disturbance. Seen in April. 

* Here I is No. 636. ^ ifc of 1860, Jut. 20 and 25. 

1 Obserratioii made at A. Cluk't, Esq.. with his 18} inch object glus, now belonging to Ihe Dearborn Observatory of 
Chicago. 



Digitized by CjOOQIC 



Pul II. THS OBEAT NEBULA OF OBION. 127 

1864, Jan. 17. Variable "A" not visible ntih utmost attention, and must be < £ or *-. 

1864, Jan. 19. No "A" star. 

1864, Jan. 20. No sign of "A" star, or tbat near V'l", but viiion ia bad. 

1864, Jan. 23. Have not seen "k" ttar since 4tb, tliough always looked for. 

1864, Jan. 25. Vision ia auffidemly good to bring out tr, $, t, tp, etc., but "h" star and 'new star' near 
V'l" are not in sigbt. 

1864, Jan. 27. Glimpses of tr, and vague suspicions of " h " not confirmed. 

1864, Feb. 3. <r is easily seen, but no sign of " b" star. 

1864, Marcb 14. No " b " atar since Jan. 4th, tbongh always looked for. 

1864, March 15. u (" b " star) not visible. 

1864, Marcb 17. " h " (<u) looked for ; not seen. 

1864, April 14. Looked for u (H.) ; 78 not seen. 

1864, April 16. " b " star (H. 78, u) is in foil view ; fainter (ban ^ u <^ 0.7 1.0. 
Measured difT. AR. H. 78 = u from 6>. Not difficult. 

1864, April 16, continued. H. 78, which reappeared lo-night, was last seen Jan. 4th. I bave been in tbe 
constant practice of looking for it, but to-night having no time to lose, as I wished to make use of the few 
minutes between daylight and the last moment when Orion could be sufficiently well seen, to measure the dis- 
tances of some of the small stars, and in so doing, while observing if> saw H. 78 without having it at all in 
mind. 

It appears from the preceding observations, that without a doubt, Herschet 78 waa 
Been on the following dates, 3 850 Feb. 1, March 2, March 4, March 6, March 8, March 
9, March 15, 1858 March 10, 1864 Jan. 3, Jan. 4, April 16; that it was not seen 1850 
Feb. 7, Feb. 13, 1851 Jan. 23, Feb. 3, 1859 Feb. 23, March 10, 1861 Jan. 28, Feb. 13, 
March 20, 1862 Feb. 18, 1863 Jan. 23, Feb. 7, Dec 29, Dec. 30, 1864 Jan. 17, Jan. 19, 
Jan. 25, Feb. 3, March 15, March 17, April 14, nnder circumstances which seem to 
leave no doubt as to its invisibility from faintness ; and that it disappeared between 
the dates 1850 Feb. 1, and Feb. 7, reappearing again before March 2d, and continued 
visible until the 15th of the same month; that between Dec. 30, 1863, and Jan. 3, 
1864, it reappeared, disappearing before the 17th of the latter month ; and that, invisi- 
ble April 14, 1864, it was plainly seen on April 16th. 

Otto Struve's observations on this star, similarly treated, indicate decided visibility 
on the dates 1857 March 24, 1858 Feb. 23, Oct 28, 1859 Feb. 24, 1862 March 6; and 
decided invisibility, 1856 Oct 30, 1857 March 18, Sept 2, Sept 24, Oct 24, 1858 
Feb. 1, 1859 Feb. 27, Feb. 28, 1860 March 5, 1861 March 9, March 15, March 27, 
April 4, Sept 27, 1862 March 21. 

Struve's set of observations is for the most part at dates not very near to those 
made at Cambridge ; it is, however, noticeable that, while the star was invisible at 
Cambridge, 1859, Feb. 23, it was visible at Pulcova, Feb. 24, and again disappeared 
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before the 27th of the same month. There are no indications by which we can derive 
the period from these observations with any degree of certainty. 

Naturally connected with the star juat mentioned, are other fainter stars in and near 
the Huyghenian region ; those especially which 0. Stnive has suspected to be variable. 
To give a more definite idea of these stars, I have extracted from the General Cata- 
logue the numbers and letters according to Prof Bond, the number according to 
Herschel as given by Struve, the magnitude according to Prof. Bond's reduction to 
Argelander's scale, and the positions of the General Catalogue itself; and have 
appended the names of other authorities upon which the visibility of the star rests. 
They have not all been seen at Pulcova, nor should this be expected ; for the nebula 
at Cambridge attains the altitude of 42° on the meridian, hut of only 25° at Pulcova ; 
so that the extinction of light is necessarily much more powerful at the latter place ; 
added to this is the circumstance that the climate of Pulcova is still more severe than 
that of New England,* and that consequently the winter nights are generally of little 
use for observation there on account of the bad definition. 
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The stars 602 and 642 were seen on the 7th of February, 1863, and the 5th of 
March, 1850, respectively, each time by Prof G. P. Bond, and in each case the star 
is stated to be a new one and to be certainly seen. 

The stars from the list given above which have been most carefully examined, are 
* The climate of Cambridge approximalee qaUe nearlj' to that of Schwerio or Eiinigsberg. 
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No8. 575, 589, 622, 647, 671, as well as R. 78 = No. 654, which haa been conaidered in 
the previous pages. 

The following notices of these stars were extracted from the journal of observations, 
beginning from the date when this question appears to have been taken up by Prof 
G. P. Bond, and include all that I have been able to find. It will be seen from a por- 
tion of the notes, that he considered their physical variability to be at least question- 
able, and that the appearance of change which they undoubtedly present is due for 
the most part to the effect of atmospheric disturbance upon the nebula in which they 
are situated. 

After this aeries I have given such scattered notes as were found relating to earher 
dates. 

1863, Jan. 17. The atmosphere bemg verjr much disturbed, not a star was visible Id the bright part of the 

nebala, excepting the trapezium. The influence of bad definition eeema for the most part far greater on a 

small star involved in nebulosity, than on one in open space, as is natural 
1863, Jan. 18. o', (Struve's III) not seen. 
1863, Jan. 19. Looked carefully for all the small stars near the trapezium, but could see only those marked 

I — 11 ; all distinct, although the sky was not clear, nor the definition satisfactory. 6th star of trapezium 

distinct, however. 

Numbers in pendl pve order of brightness ; 1, i, easily seen ; 7, 8, 9, 10, rather difficult ; no sign of " A " 

star, l(k=ll nearly. 

[The pencil numbers are applied as follows, as the diagram upoa which they are written shows,— 

I=No. 575 H. 51" according to Strove. 5=No. 622 Struve's II. 9=No. 612 Lassell's i 

2=No. 671 H. 88 6=No. 676 " ad 88 10=No. 636 (tr) 

8=No. 647 H. 75 7=Na 651 " ad 75 ll=No. 567 0*, H. 51).] 

4=No. 589 H. 57 according to Struve. ft=No. 618 Lassell's h 

1863, Jan. 23. The little star p, quite easily seen ; much brighter than tr, which was difficult 

[On the accompanying diagram, which is on a separate paper inserted in the book, and I suppose prepared 

with the star's places, beforehand, are traced the positions of a number of stars marked " not seen." Those 

seen are 

/I, r"i, r"„ i, V, t, (^ >li, <r, p, 

of which (, K, (T, are marked difficult, and those not seen are v, r, x> <»■] 

1863, Jan. 30. At 2 23 by Chro. 236t <^ visible. 
» 2 28 " " « p » 

r", and r"« 
« 2 34 " " " <r easy, though fainL 
Was impressed with the fact that before any of the nebulosity came in sight the star ;8 was already distinct 
at 2^ 20", and must be far brighter than yi/'^ [H. 100] which came in Mght at 2* 28", at the same time with 

* On accoant of the dose agreement in posi^on, I have called No. 567 H. 61. 
t Vinalljr withia 1" of Sidereal time. 
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/> and y ; ^ < ft but ^ was seen at 2* 25" (Chro. 286) r"i and r"j at %^ SO" ; at 2" 34" <r was easy to dis- 
cern ; ill, f, and T, were also seen, altbough tbe haze and moonlight were deirimenUl. At no time could the 
alar t', be discerned. No aiga of u, /t, v, r, ;^ u ; looked for, bat not seen, though the sky was full of light and 
moon-milkiness. 

1863, Jan. 31. Companion of magnitudes. 

/? > r", <7=:f andw; r", > <; r", < r", a little. 

<^> i; ^> i! p = yi r". > palitUe,^> i"r 

1863, Feb. 2. At times the small stars of the bright region clearly seen, bat only for a momenL It is 

remarkable how much more their visibility is affected by atmospheric disturbance, than is that of others less 

bright, situated in dark regions. 

Thus frequently every star will disappear in the bright triangle, excepting those of the trapezium ; but the 
moment the images become tranquil, /3, ^ r",, r"„ p, y, ^, $, r, and tr, will come in sight distinctly. Three or 
four of the brightest are then far more intense than other stars constantly in sight in other quarters. 

1863, Feb. 7. r certainly seen ; its distance from p is a t. little (1") less than dist of longest side of trape- 
aium, and line p r makes an angle of 100° with p <t. 

1863, Feb. 14 A fine clear evening; excellent definition ; clouded suddenly after 7 P.'H. 
Chro.* 424 S"" 31- SO", fi in sight (preceding of pair s. f. tf) < Q", but = A"A" [H. 103.] = 13th. 
8" 50~. r"u r"« p, v, ^ V' i^> r> it'^lh^ ■■> sight ; broad twilight. 
Of t'a no sign till long after. New stars t^ and r by glimpses ; they are < cr. 
Order of Mag. ^ > ^ a little, just perceptibly. 
^ > r", or <^=r"4 

p > i"ideddedly; p^r",; p > ^decidedly. 
y = '- 

V > iv. tittle, o- < f. 

ji, ^voT II. < t; neither n nor a are difficult, though requiring attention and effort. 

1863, Feb. 16. 3'' 58"" (by 424) ; ft r", and ^ nearly equal, r", a v. little > p; ^ and y not visible, bad 
definition. Commenced observing as usual shortly after twilight; vision rather disturbed, and it clouded op 
after 7 F. M. Comparisons in strong twilight seem to be the most decisive ; as it gets dark the disturbing 
effect of neighboring stara, or of the masses of nebulosity, is very apparent. 

1863, Feb. 17. When quite dark every star in bright nebula about the trapezium was visible only by 
glimpses, and commonly nndistinguishable, although sky was quite dear and no moon. Their light is very 
easily confounded with nebulosity, by atmospheric disturbances. Yet the very fikint star t', was always con- 
spicuous and seen as well as ever. 

1863, Feb. 20. Order of brightness, p > r", very litde ; r"i> ^t^>p,p = r"4,p>£andrde- 

1863, Feb. 23. ECt 4* 35-. yS > 0-.2, ^ > r"i O-.l, p < r", 0".2, p > r"^ O-.l. 
186S, Feb. 25. ft ^ and r"u are so nearly equal that without noticeable error their succession in bright- 
ness might be reversed. 

^ > ^ ^ = r"u p < r"! O-.l, p > r". 0».l. 

I have perceived no evident change since January, except such as vision accounted for ; ^ and y are plainer 

• 1- &st of Sidereal time. t Illectric dock ; 1- 88* &it of Sidereal time. 
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than usual, considering the vision, which is not particularly good> They are usually a> difficult as i and tr. 
I always discern o- when atmosphere is not very bad ; also r and (. 

1863, Feb. 27. (After 4" 38- SV E.G.) Order of brightneBS ff, ^ r"i, t^'^, p as usual, but p is more affected 
t^ the bad seeing. 
1863, March 2. 5^ &'. p is quite as bright as A"ft", [H. 100.] 

j8 > A" A" a very little ; fi > <f> just perceptibly, ^ r",. 
i"i > r"* decidedly, p > r", or p ^ r"|. 
y^iji, $ and n- < iji, v^fi, both rather diffioalt. 

1863, March 4. Vision very bad, at 5^ 45" (by 236). A" A" [H. 103] and b"b"' [H. 100] even, seen 
without difficulty, while no trace of any star in bright nebnla, from p downward, can be seen by a glimpse 
even after long watching. 

1863, March 9. ^, ^ and r"], now and then in sight of usual relative magnitudes ; j3 barely > ^ and 
r"u*=r",. 

1803, March 1 1. Under not good definition^ saw the stars of the nebula as follows : /? > ^ jast percepti- 
bly, ^=i"uf"* < r"i very decidedly, say 0-.4, i", > p O".!, cr < p O-.Z, ^ and y about as faint as <r. 

1863, March 12. No star visible in bright r^ons except trapezium, yet A" A" is plain, and b"b"| distin- 
guished without difficulty ; S, c, and £, are all invisible. The effect of the bad vision is to fill up the dark re- 
cess with dim diffuse light. 

1863, March 16. Small stan of nebula. y3 > 0°*.!, r", < ift 0".!. This compariiiOQ made in haze, aod 
not to be relied upon. Vision not suitable for the faint stars. 

1863, March 17. Looked at faint stars near trapezium ; ff seems, as usual, a very little brighter than ^ or 
r"i. I do not see that the latter has changed certainly, though I fancied it a little ftunler than usual with 
reference to r",. 

1863, March 18. ^, ^ etc., well seen, of usual relative brightness ; ^ > tji just perceptibly, ^ = t"j, 
r", > T"t ©".S, t'\ may be a litde > p, say 0".05. 

1863, March 19. [After 6" 54'S Sid. time.] From atmospheric disturbance not always visible, bat 
b"b", always easily seen. 

1863, March 22. ^, ift, r"i, r"t, and p, as n^ual j r", nearly as bright as jS. Later, i, t, ifi, y, of usual order 
of brigbtness. 

1863, March 27. Sid. lime 7" 8", was surprised to see ^, ^ r",, p, and r"i, all easily, before the form of 
bright triangles of nebulosity could be clearly made out. 7** 14™, o-is easily seen as bright as t; p^b"b"i. 

[After 7^ 40".] Order (^ magnitude, fi, ift, and r",, nearly equal ; j8 a little the largest ; p may be > i", 
0-.05, tr fainter than t",. 

1863, March 30. fi to p as usual for brightness. [After 7'' 30" Sid. lime.] 

1863, April 1. fi,^p,M usual [After 8^ 30- Sid. time.] 

1863, April 9. ^ and t"i as usual 

1863, April 14. )3 > ^ > t"i just perceptible, bat probably owmg to confusion of images, nebula being 
low. 

1863, Oct. 15. After 2" 12» Sid. time. Could not see the new star of 1863, Feb. 20th, and March 2d, 
although compaiu(»i <^ J"I" is very plain, as are also the small stars about the trapezium. It is certainly a 
variable. Near trapezium p at least as bright as Jan. and Feb. last 
40 
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1863, Dec 10. Sid. time i'' 50™— d** 10™. No star excepting four of trapeziam is to be seen in B. Hujrge- 
Diana ; worst character of definition. 

1864, Jan. 3. [The stars and p are compared with H. 78.] At tiroes the viaion was ezcelleot, bringing 
oat tr, $, and w. 

1864, Jan. 4. [The stars ^ and p are t^tn compared with H. 78.] 

1864, Jan. 16. y3:=r"u r", > i^ perhaps. These three not very uneqaal, p decidedly smaller. The 
vision was always disturbed. 

1864, Jan. 17. .^ > r"„ but jost perceptibly; r"i = or > <f>; p < ^ decidedly, but is next [?] brightest; 
( and n- just in sight, <r not visible. 

1864, Jan. 20. i"i=fi, or r"i > fi perhaps; ^ > ^ a little; others seen only bf glimpses. 

1864, Jan. 25. Vision is sufficiently good to bring out <r, £, tt, iji, etc. 

1864, Jan. 27. Small stars of trapezium of usual order of brightness, fi, r"„ <l>, etc.; glimpses ot tr. 

1664, Feb. 3. Fine definition. 7'' 30™ Sid. time, o- is easily seen. In the stars of the Huyghenian region 
I do not recognize any (unless probably it is fainter) which have changed since last year. Thus ft r"u and ^ 
are the brightest; when vision is best, r", seems to gain slightly on the others, but in general ^ is > r"| a 
very little, but j3 > ^ pretty decidedly ; p not difficult, but decidedly < r", or ^ ; tr I do not see unless 
vision is above the average (Vide Feb. 25, 1863). 

1864, Feb. 12. Clear, fine definition. As usual when virion is best, the small stars of the trapezium 
region ft ^ r"i, do not differ much in brightness; the latter is critically placed on preceding edge of bright 
edge of strong light ; <r easily seen. 

1864, Feb. 19. Clear, bright moonlight, vision tolerably good; £ [H. 84] is ocmspicuously brighter to-night 
than p or <. 

1864, Feb. 29. I always look at small stars about trapezium ft ^ r"i, etc., but can recogniz« no decided 
changes not accounted for by atmosphere ; <r was readily seen, and possibly may be brighter. 

1864, March 14. p is seen of usual brightness, ft r"„ and ^ as usuaL 

1864, March 15. fi > r", slightly? r", > ^ not much; p readily seen as nsual; o- considerably < ^; 
( and w not very difficult On the whole, with the exceptiou of cu, I can recognize no instance of evident 
variation in these stars. 

1864, March 17. Notwithstanding bright moonlight, the small stars near ff [Ononis] such as ir, $, v, ^, p, 
are readily seen ; p is much > <r, and generally seen with ease. 

1864, March 24. 6^ 56™ Sid. time. ^ visible =:A"A" under bad definition; is near boundary of darker 
region d. of it, enveloping trapezium. 6'' 56™, ^ not difficult, but > i'\ now first in sight. 

1864, March 28. 7'' 17'' Sid. rime. ^ in sight, and <^ a very little Winter. 7^ 19™, r", in sight, it is 
^nter than 0. 

1864, April 7. 8" 9" Sid. time. /3 easily seen, and = A" A", also ^ <;3 0«.3. S"" 15™, p in sight ; 8* 21", 
comp. of j3 easily seen ; this and p are brighter than nt, n^, by far, as neither of these is yet in sight ; p > Oi 
> n,. e*" 31", the small comp. of O' [Str. HI.] easily seen, and is = .ft a little < p. 

1864, April 14. 8'' 41™ Sid. time, fi seen certain; S** 43™, A" A" not yet in sight, carefully looked for; 
8" 47" * and r", easily seen ; 8" 47" fi > A" A" 0«.7 ; S*" 52" y comp. of ^ seen, and b"b"i b"b"i > y: 8" 
55™ p, images undulalory ; looked for tu = H. 76, not seen. 

Of Uite I see j3 sooner than ^ and ^ sooner than r",, though this is nndonbtedly the efibot of low altitude 
and worse definition of nebula. Precisely the same has been noticed when definition has been tuuaually bad. 
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So far a^ I can now recall, I have se«n nothing lo lead me to think either of the stars of Huyglienian region, 
from p downward, to be variable, excepting H. 71 [76] =:ah 

[1864, April 15, occurs a measure of r",.] 

1864, April 16. 8" 56" Sid. time, ft A" A", D"D", G"G", all nearly equal ; [afterwards <^ is measured.] 

Besides the observations just given, there occur in the observing books for the years 
between 1847 and 1862, allusions to the same stars, or some of them. They are often 
in the shape of notes to little diagrams, whose scale is generally determined, together 
with the orientation, by the trapezium, which is always given. And it is in conse- 
quence not often difficult to identify the stars meant, though sometimes a little uncer- 
tainty arises, from the fact that there was no exact catalogue of them all in existence 
when the diagrams were drawn. One object, in fact, for which the researches whose 
results are contained in the present work was undertaken, was to give as nearly as 
possible all the stars visible with the Cambridge refractor, in the central portions of 
the nebula, under the most favorable circumstances which came for a series of years. 
The journals of observations, with the 21 foot refractor at Cambridge, — numbering 
55 volumes, — contain each about b6 pages in 4toj and their dates extend from July 
1847, when the telescope was erected, until the present time. From these books I have 
extracted all the scattered notes relating to these small stars, until the date when the 
regular observations upon Struve's supposed variables begin. When no statement to 
the contrary is made, the observations are by Prof. G. P. Bond, otherwise by Prof. W. 
C. Bond [W. C. B.] and the late Major Sidney Coolidge [S. C], of the 16th U. S. In- 
fimtry, — who fell, gallantly fighting for his country, in the battle of Chickamauga, — 
a very conscientious observer, and one who has left valuable results of his labors at 
this observatory. 

The remarks enclosed in brackets [ ] are mine, added when the original seemed to 
require them. 

1847, Dec 6, 11 P. SI. [Note by W. C. B.] [The star marked] 2 is od the edge of the nebula; d is 
juat on the edge of the small bright spot. 

[A diagram accompanies thia note, in which are giveo the poutioDS of stars near the trapezium, including 
the tax of the trapezium itself. The star 2 is manifestly Struve's U. 51, and H. 57 is also given in nearly its 
proper place, aa well as Struve II. in a neariy right line with the two precediog, but too far north. Herschel 
88 appears double, the following being of course Struve's ad 88, Herschel 75, =:W. C. B. 26, also double ; 
Struve's ad 75, =W. C. B. 27, being the companion, which is the star d also alluded to. This last pair also is 
too Dear the trapezium by about 10". The trapezium is in fact on too lai^ a scale in proportion lo the rest 
of the drawing, which includes 6* Orionis, and the bright star H. 101. Upon the drawing are iAm ^ven 
Lassell'd i and A.] 
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[Same date, aame obsuryer.] No. 1 anoular [micrometer; power, 103, see AnnaU I. 1, xlW.} (be 6lb star 
ia steadily seen with this. 

184S, Jbq. 12. [A diagram and note hy W. C. B. ; from which I make out with certainly only the follow- 
ing reraarke.] The following of thb pair [H. 88, ad 88] is the smallest, ihey point to a [a of the trape- 
ziumF], and this is in a line with c and 13, and they are a little helow from a to 5. [I suppose 5 to be H. 110, 
«is6*Orionia,13, H. 101.] 

1848, Feb. 7. [W. C. B.] I saw the small eiar off the n. f. cape thi« evening; it is very minute on a 
dark ground in the channel. I called George, who saw it certain ; it must be two magnitudes less than Her- 
ichel'a 18lh magnitude. [This is probably H. 114.] 

1850, Feb. 1, 7". [Note by W. C. B.] Found a new slar in the square below the trapezium, situated at 
(a) 19 mag.; both these stare [H. 78 has just been alluded to] mu.<t be rariable ; a could nut have been 
overlooked if it bad been as bright last year [1848?} as it now is. [The slar a is by diagram and description 
SiruTe's III.] 

1850, Feb. 7, a"" SO". [By G. P. B.] Looked at nebula In Orion, very fine vision, all the small slars 
easily seen, but the Herschel star [H. 76] has disappeared ; x, a very small star is seen, as well as Lassell's 
alara, steadily, [z is No. 636 G. P. B.] 

1850, March 2. [The star No. 636 is alluded to as aeen by G. P. B., idenliaed by diagram.] 

1850, March i. [G. P. B. compares H. 76 with 24, 26, and 27 [W. C. B.], and remarks that No. 27 
seems to have been estimated too low, and that the new star [Str. III.] near No. 23 [H. 70] is seen easily. 

It must be remembered that G- P. B. did not begin making a catalogue of stars in the nebula, till 1657.] 

1850, March 5. [G. P. B.] One new alar is seen (o-night near m and n [H. 75 and S. ad 75; the new 
slar is in the neighborhood of the knot of nebula remarked by Dr. Gylden ; see * Mehingea Matb^matiques 
et Astronomiqnes, III. 501]; iU place is indicated by &,and there seem lo be others near it; another new star 
is seen at a ; these stars I have no doubt belong to the nebula, for at the moment when they become visible 
the vision is distracted by others just on the verge of being seen ai separate stars. [On the accompanying 
diagram appear Struve's II., the new star at a, (Struve's ad II.), ^ = No. 636 G. P. B., and H. 78 ; H. 75, 
ad 75, and the new star 6 = G. P. B. 642.] 

[1650, March 9 and 10. m and n were seen by G. P. B.] March 11. Very good definition; the small 
stars steadily seen [n and^ mentioned by names]. March 12, p not seen. March 29, m and n seen, p not. 
[As on previous dales in 1850, m=H. 75, n = ad 75,;>=No. 636 G. P. B.] 

[1850, Dec. 27. A diagram by G. P. B. gives Lassell's i and A, probably ; though perhaps h and the star 
aeen March 5th ; together with H. 75 and ad 75.] 

[1851, Feb. 8. A diagram by G. P. B. gives i, h, and 6. P. B. 636.] 

1857, Feb. 23. [S. C] The diagram was drawn at the instrument. While examining a, saw k by 
indirect vision ; could not see it for a long lime even by putting a [^ Oidonia max.] and « [^ Ononis] out of 
the field. Saw it however at last, and have no doubt of its existence. 

* The pauBge here dted (in an article of Wlnnecke's) is '' Dr. Qjidin, welcher an den Beobachtungen Thell nahm, lah 
alle diese Sterne [ad 81, ad 64, ad 75, i, h,] el>en&lis auf do* Besiimmieste. Ein tod Uun bemerklea Object, velchem die 
- Coordinaten An — 0"A[I = + 40" zukommen, and das anf aoglicb filr einen Stem gehaiten worde, erwies lich bei sorg- 
■amer Betrachtung als ein Nebelknoten. In der Umgegend desselben icliienen ubrigena bisweilen lehz Bcliwache Scemchen 
aulzublitzen, ao dasa dort moglicber Wcise ein Hau&n iiuserit feiner Sterne vorhsnden ist." 186. 
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[Note by G. F. B. in ink, evideDlly written later.] N. B. That h ia the star (5) [II.] reported " invisible " 
by M. O. Slruve, Feb. 21. 1857. 

1857, Feb. 25. [S. C] Nothing could be seen o{ star t. 

1857, March 6. [S. C. Givea a diagram with k, seen "by glimpses."] 

pn October, 1857, begin the observations for the Gteneral Catalogue.] 

[1857, Dec. 14. The slar j8= Struve's H. 51, is measured.] 

[1858, Jan. 14. There is an observation with the partially illuminated scale on Stnive's III. ^ ^.] 

[1858, March 10. The stars r"i, r"^, p ^ Stnive's II, £, ir, /?, y, were observed in like manner, though in 
both these cases the estimates may have been made by alternating the illumination by which the scale was 
seen, witli the dark field in which the star was visible.] 

1859, Jan. 19. All stars of trapezium easily seen. [A diagram contams No. 636 also.] 

1859, Feb. 22. Star t is quite plwn in the position given below relatively to a and e. [Star 2 is 636 by 
diagram.] 

1859, March 5. [S. C] The definition is indifferent; there are three stars near the trapezium. [These 
are Stnive's IL marked c, H. 75 marked i, and H. 78? marked a.] 

1859, March 6, [S. C] [The same stars a, ft, c] a waa seen with comparative ease [H. 78 ?] ; a in- 
clines to red ; ft is also reddish and harder to make out ; c could occasionally be seen. 

1859, March 10. [G. F. B.] Though slightly hazy and with the moon near, the vision was admirable. In 
the brighter part of the nebula near the trapezium, by glimpses many new stars were su^ested ; j/ [648, x] 
was certainly seen and located; it is much fainter tban s [636, <r] ; of A [H. 78] not a trace, though its vicin- 
ity was often explored. 

[Upon (he diagram which accompanies this, are represented also the stars afierwards denoted by >i, and v, 
the slarij r"„ r", (Stnive's H. 51 and H. 57), and Stnive's II., as also Lassell's t and A.] 

[1860, Jan. 16th, occurs a diagram on which the star^ 636, o-, and 648, ^i are given ; the latter is stated to 
be very faint, but seen with certiunty ; the former to be easily seen. Jan. 20tb, a diagram on which is marked 
a star t, which is probably the same as No. 636.] 

1860, Jan. 25. G. P. B. Cannot see A or even k, but the definition is not good, [t is here Na 636.] 
[A diagram of 1860, Feb. 12th, contains No. 636, called A.] 

[A diagram of I860, Feb. 21st, by S- C, contains a sUr marked i, but this is nearer Stnive's U.] 
Same date [G. P. B.] ; could see nothing of A at 7 F. M. ; i just discernible. 
[Same date ; another diagram by S. C. contains i in nearly the place of No. 636.] 

1860, Feb. 23. [S. C] The only small stars near trapezium that are visible are i and ra, m [H, 78] is 
easily seen, i a ceruunly seen at moments for four or five seconds steadily. [_t is here G. F. B. 636, by 
diagram.] 

1661, Jan. 28. k seen by glimpses. 

1861, Feb. 13. k seen easily. 

1862, Jan. 31. Vision is passably good. I cannot see the A star, nor make out k with certainty. 

These earlier observations decide nothing with respect to the stare r"i and r",, or 
Stnive's H. 51 and H. 57 ; as those stars are always visible both with the Cambridge 
and Pulcova refractora, except in exceedingly disturbed states of the atmosphere. 
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The star Struve II. is not always seen with certainty at Cambridge, but this may be 
owing to its situation, which renders it often a difficult object, and to the state of the 



The star Struve III. is especially noted as a new one, on Feb. 1, 1850 ; my own in- 
terpretation of the diagram of that date was made before I found a note by G. P. B. 
on page 113 of Struve's Memoir, which indicated the same thing. This star is un- 
doubtedly variable, but owing to its distance from the trapezium, was not always 
looked for. 

The star H. 76 does not occur so constantly on the earlier diagrams as I should have 
supposed ; my own experience with it, which began very lately, does not indicate that 
it is often invisible here. It is, however, sometimes invisible under unfavorable atmos- 
pheric circumstances. 

The small stars not contained in Struve's Memoir, " Observations de la Grande Nebu- 
lese d'Orion, faites a Cazan et a Poulkova," but which have since 1862 been seen at 
Malta and Pulcova, have also been suspected of variability; and about this the 
earlier notes give but little that is decisive. The star ad 75 is often mentioned, gen- 
erally with H. 75, and both these stars were well known objects here, so that their 
absence under favorable circumstances would have been noticed; ad 88, more distant 
from the trapezium, was sometimes seen; on 1847, Dec. 6th, 1848, Jan. 12th, 1858, 
March 10th. 

The star W. C. B. 24 = G. P. B. 636, a, has not been seen at Pulcova. It is often 
mentioned in these earlier observations; as certainly seen on the dates 1850, Feb. 7tli, 
March 2d, March 5th, March 11th; it is not mentioned March 10th, and was not seen 
March 12th; not mentioned 1850, Dec. 27th, but seen again 1851, Feb. 3d. 

On 1858, March 10th, the same star was observed in regular course; it was seen 
again 1859, Jan. 19th, Feb. 22d, March 10th, 1860, Jan. 16th, Jan. 20th, probably, but 
not Jan. 25th, owing, as is stated, to bad definition; seen again Feb. 12th, Feb. 21st, 
just discernible, Feb. 23d, S. C. saw it "by moments for 4 or 5 seconds steadily." On 
1861, Jan. 28th, it was seen by glimpses; Feb. 13th, easily; not seen 1862, Jan. Slst 
These observations might be considered as indications of variability, were it not that 
those made later in connection with the other stars near the trapezium, and which are ' 
given on pages 129 to 133, afford another, and quite different explanation of the phe- 
nomena in many of these casea 

With regard to the three stars, two of which Lassell denotes by i and A, and the 
third is called by Struve ad 75, it may be proper to remark that I find no suspicion 
expressed by Professor Bond that they are variable. They have not been always seen 
or at least always noticed in these earlier observations. 
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Al l these objects deserve prolonged accurate study with high optical power, and I 
am inclined to think that the interest of the suhject, and the abundant means now at 
the command of astronomers, will accomplish such a result 

A pair of stars some distance from the Huyghenian region, have shown marked 
variations. These are denoted in the present catalogue as F"F" and I'l" ; they are 
Herschel's Nos. Ill and 133, given as of the 10th and 9.10th magnitudes respectively. 
Ijapunoff assigns them both to the 8th magnitude. The star F"F" is not in a region 
especially interesting for its nebulosity; its coordinates are a— «„ -|- 15.'54, and 5—5. 
^— 583."8; I"I" however, follows the Messierian branch closely; its cotirdinates are 
a-a„ = + 34'.32, and 5-5, = - 306."0. Of these two, the latter (H. 133) exhibits 
the most decided and considerable variability; and a change in it, noticed Jan. 17, 
1863, led to a careful examination of other stars, with respect to the same phenome- 
non. Of the number suspected, however, only F'F' (H. Ill) was confirmed as a 
variable, together with H. 133. The following are the observations of H. 133, made 
before it was suspected. 

On 1857, December 4th, 7th, and 10th, I'l" was noted as of the 12th magnitude on 
G. P. B.'s Zone Scale, 9 times; twice as the 11th, once as the 11.12th. On 1858, 
Feb. 12th, in the observations of sequences of magnitudes it was placed below H. 145, 
H. 104, H. 147, and H. 149, but above H. 112, H. 123, H. 103, H. 106, and U. 142; 
hence on Liapunoff's scale it would be about 9.5 ; substantially equal to its magnitude 
in December, 1857. On March 4th, 1858, it was noted as of the 11.12 magnitude on 
G. P. B.'8 scale. 

On March 20th, 1861, 1 noted it myself aa of the 10th magnitude. My own scale is 
essentially that of Argelander's Stemverzeichniss, calling, however, the fainter stars 
there given as of the 10th magnitude, as Argelander himself suggests in the first 
paragraph of the Introduction to vol. iv. of the Bonn observations. 

On March 17th, 1862, H. Ill was noted upon a chart of the stars as fainter than 
Herschel 149, and also fainter than the star following H. 149, termed 0"0" in the 
present catalogue. But on Jan. 17th, 1863, it was noted as brighter than these same 
stars, and also brighter than H. 45. 

On Jan. 25th, 1863, it was noted as brighter than H. 37 and H. 45; on Jan. 31st, 
fiunter than 45, but brighter than 37 ; Feb. 2d, fainter than either ; Feb. 10th, brighter 
than 45. The magnitudes of the stars with which both R 111 and H. 133 have been 
compared, are, upon Prof Bond's scale of 1858, the following. This scale differs, it ia 
true, from that of Argelander, as well as from LiapunoflTs, but the relative magnitudes 
are well estimated. 
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No. 


G. P. B.'i 


Hig. G. P. B. 


M>jt b? 


Utg. 


H>R- 


Hmoh<l. 


L«Her. 


IMB. 


Se,/.i>o^. 


Lliipunoff. 




123 


R"H" 


12.3 


12.0 


10 


12 


ID 


E" 


12.0 


12.1 


9 


11 


_ 


0"0" 


11.7 


11.6 


_ 


_ 


82 


E' 


11.7 


11.4 


8.9 


11 


16 


I" 


11.7 


11.3 


9 


10.11 


149 


N"N" 


11.6 


11.4 


8.9 


10 


35 


F' 


11.2 


10.6 


8.9 


10 


37 


M"' 


11.3 


10.2 


9 


10.11 


7 


E"' 


11.2 


10.9 


8 


10 


45 


P" 


10.6 


10.8 


9 


11 


4 


jyii 


10.6 


9.9 


8 


9.10 



The suspicions about F'F" = H. Ill arose about the same time, and it will be well 
to give the observations of the pair together ; so that it is necessary here to mention, 
that H. Ill was on December 10th, 1857, estimated as 12th, but on March 4th, 1858, 
aa 10.11 ; and on Jan. 25th, 1863, it appeared brighter than H. 37, and less than H. 7; 
on Jan. Slst, brighter than H. 45; Feb. 2d, brighter than H. 37, and H. 45. 

Comparisons were now made in February, March, and April, 1863, between these 
two suspected variables and others of the previous list ; the differences were expressed 
in decimals of a magnitude, with however, the intention, as appears irom the following 
note of Prof Bond, that 0°'.l should express a decided difference of magnitude, or 
1 grade, according to Argelander's idea. 

"In the comparisons made subsequent to Feb. 13th, 0.1, 0.2 signify, l8t,0.1 = A 
perceptible gradation of light, as small as will constitute a difference of magnitude 
certainly recognizable. 

0.2 = A strongly marked difference of magnitude, which strikes the eye at once 
without special effort of attention. 

The higher numbers, 0.3 0.4, indicate still larger differences, but beyond 0.3 or per- 
haps even beyond 0.2, 1 have little confidence in the numbers. The distinction 
between 0.0, 0.1, 0.2, 1 think are to be depended on. 

Two stars differing by 0.2 1 should regard as separated by an amount larger than 
any ordinary errors of observation would account for. That is if the stars were 
between the 9th mag. and the 12th, and compared directly with each other. 

Two stars really equal might — though rarely — be thought to differ 0.1 = 1 grade. 

In the course of observations I soon became sensible of an inconsistency between 
my estimates of 1 grade, and the 0°.l (one tenth mag.) with which notation I began 
recording the 1 grade. But when the differences of compared stars exceeded 3 grades, 
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I found myself resorting to my previously formed habit of distinguishing 'moffnitudei' 
08 in my zones. Thus where the differences are stated aa 0.1, 0.2, 0.3, 1 think they may 
he safely treated as quantities pretty clearly defined and consistent; above these not 
much reliance can be placed on them as to consistency of scale. After some practice 
— say about March Ist — by 2 grades, I should have designated the difference between 
my zone 11th and 12th mag." 

Under these circumstances I have not thought it necessary to print in extenso the 
observations of these months in 1863, as it would be difficult to reduce them to a 
fixed scale ; but with the help of the following little table, which is derived partially 
from the results already given and partly from the determination made by grades in 
the winter of 1863 and 1564, 1 have obtained such approximations to the magnitude 
of these two stars as could be obtained by interpolation ; noticing especially all cases 
where the usual magnitudes were not confirmed, or where variations were suspected 
firom night to night- 

The magnitudes here given, and consequently employed throughout for this pair of 
stars, are on Professor Bond's scale of 1858; which can be reduced to that of Arge- 
luider, at least approximately, by the table on page 122. 

Mag. HdiII}' adopted. 

H"H" 12.2 

W 12.0 

0"0" 11.6 

E* 11.5 

I" I1.S 

N"N" 11.8 

p 11.0 

M"' 10.8 

E"' 10.8 

P" 10.8 

D"' 10.8 

On 1863, Feb. 13th, I'T" was called fainter than F' by 0".4 ; brighter than F'F" by 
0"-.4 ; p"F" brighter than H"H" by 0".2. 

On 1863, Feb. 15th, I'T" was O^.i fainter than F'F" which is equal to M"'= 10-.8. 

On 1863, Feb. 17th, TT" was very nearly equal to V" ; here about 10".8. 

On 1863, Feb. 18th, 20th, 21st, 23d, no great change is noticed; though F'F' is 
gradually growing brighter, so far as the indications are decisive. 

On 1863, Feb. 25th, it appears probable that F'F' has increased ; being now greater 
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than M'", than E"', tban P" ; while I"I" is estimated as equal to N"N", and as standing 
half-way between E' and F. Its magnitude may be estimated as 11"'.4. 

The 27th of the same month, this is confirmed ; F'F' is, compared with M'", 0".5 
brighter; with E"', 0"'.3 brighter; with P", 0''.2 brighter; while VI" is now less than 
N"N" and even than 0"0", equal to F, and 1 magnitude less than FT". A note by 
Prof. Bond reads thus: «I'T' looks quite faint, and F'F' as decidedly brighter than 
usual." 

February 28th, F"F' seems about to have retained its magnitude; on this date, 
March 2d, and March 4th, it is still brighter than the stars F", M'", F'. But on March 
5th it sank to a magnitude between M'" and F", that is lCr.8. 

On the same dates I'l" had the following relative magnitudes. 

Feb. 28ih, 

> F/ 0.1 

> 0"0" 0.1 

< N"N" 0.1 

March 2d ,• 

< N"N" a2 
N"N" > 0"0" 0.3 

March 2d, 

= i(E' + F') 
March 4th, 

> cy'O" o!07 

< N"N" 0.25 

< P" 0.4 

< M'" 0.4 

March 5ih, 

= N"N" 

> 0"0" 0.3 
March 5th * 

> M"N" 0.15 

On March 11th, no change in F'F' from the 5th; but with some fluctuations which 
appear partly to arise from the difficulties of observation, it retained nearly the mag- 
nitude 10".8 on the 11th, 12th, 13th, 15th, 16th, 17th, 18th, 19th, 20th ; on the 22d I 
find the note "F'F" has certainly diminished," and by interpolation the following 
observations are reduced, — 

• B7 T. H. s. 
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F"F" < M'" oTo5 
< E'" 0.1 
= N"N" 
> N"N" 0.05 



from which its magnitude appears to be 11'".2. 
The other star (I'T) was observed by G. P. B. i 



I"I" < N"N" 0.4 

< O"0" 0.15 

> H"H"0.2 

0.1 

Two compariflons with P" on this date are respectively l^.O and 0".6 of G. P. B'b 
scale; thus, 11°.6. 

T. H. S.* also compared it with N"N" and 0"0" making it respectively 0".25 and 
0".l fainter. 

1863, March 12lh, (by G. P. B.) 

I"I" < 0"0" 0.2 

< N"N" 0.4 

< B" 0.05 

< I" 0.2 

> H"H"0.2 

1863, March 13th, 

l"I" < 0"0" 0.15 

< E' 0.15 

** In a perfectly clear sky, quite dark, can barely discern I"I" in finder [34"' aper- 
ture] ; E"', M'", P", N"N", E', 0"0", are all comparatively easy." 

1863, March 14, "I'T' is very faint; is too faint to be compared with F"F" or P" or 
even with N"N"." 

I"I" <M"M"0.2 

< 0"0" 0.3 

> H"H" 0.1 

< W 0.3 

1863, March 15th, 

I"I" > H"H" 0.15 

< 0"0" 0.3 

* The preaent editor. 
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TT' is scarcely brighter than either of the stars [H. 95, H. 106, R 112,] in the 
triangle near F'F' of which its companion [H. 106] is the apex ; was decidedly lesa 
thanE"; n"=D"[H.8]." 

1663, March 16th, 

I"I" = M"M" 

< 0"0" 0.1 
= E" or < E" 0.05 

< E' 0.15 
> D" 0.1 

T'T' is certainly brighter than on last evening, relatively to H"H" by 1 grade=0".l, 
but it is too faint to be compared with N"N", F', or M"'." 



1863, 


M.reh 17lh, 








I"l» < 0"0" 


o"05 






<I" 


0.15 






> E" 


0.1 






= 0"0" 








<M"' 


0.3 


1863, March 18lh, 








I"I" 


' <P" 


0.4 






< 0"0" 


0.1 






= E" 








= M"M" 






> H"H" 


0.2 


1863, 


March 18lh, 


T. RS. 






I"I» 


= H"H" 








< N"N" 0,3 






< 0»0" 0.15 


itivel 


7 fainter than Fro£ 


Bot 


1863, 


Mardi 19lh, G. P. B. 






I"I" 


■ <E' 


ai5 






> H"H" 


0.05 






= E" 








<0"0" 


0.2 






= H"H" 








> M"M" 


0.05 






<0"0" 


0.1 






> E" 


0.02 






> H"H" 


0.1 



Digitized by VjOOQIC 



THE OREAT NESmjA OF OBION. 
1863, March 20Ui, G. P. B. 



I"I" < 0"0" 0.05 

> E" 0.05 
I > M''M" 0.06 

> H"JI" 0.8 

< N"N" 0.8 
1863, March 20lh. T. H. S. 

r'l" > H"H" 0T25 

< N"N" 0.3 

< ! (H"H"+N"N") 0.06 

< 0"0" 0.3 

1863, March 22d, 6. P. B. 

I"I" < 0"0" 0^6 

< E' 0.05 

< E" 0.02 

< E'" 0.1 

< M"' 0.05 

> H"H" 0.25 

On 1863, March 23d, it was found by careful comparisons that the two variables 
were equally bright, or at least that the difference between them was very slight 
The separate observations of each give 

I"l" > 0"0" 01 
= N"N" 

> I" 0.06 
F"F" < M'" 0.1 

< E"' 0.15 

> I" 0.05 

On 1863, March 26th, the following observations were taken :— 

1"I» < F' 0.1 

> N"N" 0.1 

> E' 0.2 

> I" 0.2 

" r'l" much increased, as sky grew darker the superiority of I'T' to N"N" was very 
evident" 

F'T" < M"' 0.1 

< P" 0.1 

> I"l" 0.05 
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On 1863, March 27th, the observations of the two stars, by G. P. B. are as follows:— 

F"F" > I"l" ai 
= I"l" 

< M'" 0.3 

< E'" 0.1 
I"I" > N"N" 0.15 

> I" 0.2 

< E'" 0.1 

On the same date, the observations of T. H. S. give {not very consistently) 

I"I" > N"N" aX5 

< F"F" 0.05 
F"F" < M'" 0.2 

< N"N" 0.1 

> 0"0" 0.1 

Upon March 29th, F"F" was noted to be very much diminished. We have 

F"F" < E" 0.15 

> H"H" 0.12 

< 0"0" 0.3 

< E' 0.2 

" Too faint to be compared with M'" by grades, or even with I'T safely." 



•I"I" > I" 


0.1 


> E' 


0.15 


> N»N" 0.1 


linter to-night"). 


I"I» < N"N" o"l 


> 0"0" 0.1 


<I" 


0.02 


> E' 


0.1 


F'F" < CO" 0.12 


< I"I» 


0.2 


> H"H' 


'' O.IS 


<E" 


0.05 



~ Probably no change (iDce 2Tlh. 



Digitized 



by Google 



Part IL THE OEEAT NEBULA OF OBION. 145 

Observations on both stars were made hy both observers April 1st 
BjT.H. S. 

I"I" < N"N" O.U 

> 0"0" 0.1 
F"F" < M'" 0.3 

< E'" 0.2 

< N"N" 0.1 

> I"I" 0.1 

By G. P. B. 

I"I" < N"N" 0.15 

> 0"0" 0.1 

< I" 0.15 

> E" 0.2 
F"F" < N"N" 0.2 

> (X'O" 0.05 

< I"I" 0.08 

"F'F" is too small for comparison with M'", though it is perhaps brighter than 
on 30th." 

April 2d, by G. P. B. 

i"i" > o"0" ao5 

< N"N" 0.15 

< I" 0.05 

= E' 
F"F" = 0"0" 

" F"F" is much too faint to be compared with M'"." 

April 3d, by G. P. B. 

I"I" < N"N" 0°l 

> 0"0" 0.1 

F"F" = I"I" 

April 13th, by G. P. B. 

I"I" = M'" 

> N"N" 0.2 

< P" 0.05 
« V'l" has become quite bright." 

pHF" < I"I" 0.25 

< M'" 0.15 

April 14th, by G. P. B. 

I"I" > P" 0.08 
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> N"N" 0.3 

> M'" 0.05 
F"F" < N"N" 0.05 

< M'" 0.2 

This completes the series for the season of 18C2-63; the following r^sumS of the 
results is sufficient to give a distinct idea of the variability of the two stars in ques- 
tion. The reductions have been made in cases where the stars were compared both 
with brighter and fainter comparison stars, as the decimals of a magnitude given 
above are not referred to the scale to which the magnitudes of comparison stars are, 
but are quantities more nearly like the grades of the next season. I would remark 
here that some of the casual variations in the table are probably owing to the diffi- 
culty of estimating the magnitudes of stars involved in nebulosity, especially in nights 
of inferior definition. 

The observations before Feb. 28th, have also, where practicable, been reduced. 



nt>te, 1868. 


p"F>> = a.\n. 


|'/I?^H.*I38. 




Bemnrki. 


Feb. 13 


11.9 


11.4 








15 


10.8 


IIJO: 








17 




10.8 








28 


10.9 










25 




11.3 


H. Ill 


brightt 


r than 10-.8 


28 




11.4 


" 




« 


March 2 




11.4 


" 


" 


" 


4 




11^ 


" 


" 


" 


5 


10.8 


11.9 








11 




11.9 


H. Ill 


nearly 


10"8. 


12 




11.9 


" 




« 


14 




12.0 


« 




« 


15 




12.0 


« 




« 


16 






H 




" 


17 




11.7 


H 




" 


18 




11.8 


K 




« 


19 




12.0 


« 




« 


20 




11.8 


H 




« 


22 


11.2 


11.5 








23 


11.2 


11.3 








26 


10.9 


11.0 








27 


11.1 


11.1 








29 


12.0 










30 


11.9 


11.4 








April 1 


11.4 


11.5 








2 


11.5 


llJi 








3 


11.4 


11.4 








13 




10.9 
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There would seem to be no room for reasonable doubt with respect to the variability 
of this pair of stars ; aa careful comparisons of the kind here given are the best means 
for deciding such a question. Tbey were made largely in strong twilight; so that the 
disturbing influence of the nebula itself was reduced to a minimum. 

In the next season Professor Bond determined to abandon the notation by decimals 
of a magnitude, which had proved a source of some inequality, and to substitute that 
by grades. He also omitted to use a number of the comparison stare previously given. 
The following are the magnitudes of the stars now employed, expressed in grades, as 
derived from comparisons among themselves ; estimated from 0"0" as a zero. 



uitw or 

Stw. 


ReUtin 
1I.S.I.UJ» 


LMt>rt^ 
SUr. 


BelmtlT. 
llHiiitiidc 


0"0" 


0.0 


P 


1.7 


1" 


1.1 


M'" 


u 


N"N" 


1.1 


E'" 


2Ji 


P" 


1.7 


Hill 


2.6 



These numbers are tolerably consistent with the former ones. In the first of the 
tables which follow, are given the observations themselves of the two variables, com- 
pared with the stars just given j aud the results for the variables of the individual 
comparisons. In the second table come the results for each evening, from all compar- 
ison stars, and aa a control the observed difierences of the two variables titter se. 
What these results represent on the scale of 1858, may be approximately ascertained 
by comparing the adopted magnitudes of the comparison stars in grades with the 
adopted magnitudes on that scale. 
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star Mmp*d 


F"Fw— 


B<l. BUk. 


8lu<»m|>'d 


F'l"— 


Bd.lUg. 


DM*. 1888. 


with F//r". 


0«.p. SU,. 


olF"F". 


with I"I". 


Coni]i.8tar. 
Oiada. 


ofl"f". 


Oct. 15. 


M'" 


+2.0 
^1.0 


3.9 


M™ 


-1.0 


0.9 




B" 


S.6 


N"N" 


^i 


1.6 
2.2 


Dec 7. 


E'" 


0.0 


2.5 


N"N" 


-0.5 


0.6 




M'" 


+2.0 


3.9 


O"0» 


+1.0 


1.0 




M'» 


--I.0 


2.9 


M'" 


-0.7 


1.2 




N"N" 


--2.0 


3.1 


M"' 


+0.5 


2.4 




F' 


--2.0 


8.7 


P" 
F' 


^.0 
+0.5 
—0.5 


1.9 
2.2 
1.2 


Decs. 


M'" 


+1.0 


2.9 


N"N" 


+1.0 


2.1 




N"N" 


--2.0 


3.1 


. M™ 


Xo.5 


1.4 




E"' 


4-0.5 


3.0 


F' 
M'" 


0.0 
0.0 


1.9 
1.7 
2.4 










I" 


2.1 


Dec 9. 


M"' 


+1.5 


S.4 


M" 


+0.5 


2.4 




E"' 


0.0 


2.5 


M-'N" 


--0.7 


1.8 




E"' 


0.0 


2.5 


0"0" 
J" 


" 


t^:S 


2.0 
S.1 


Dec 10. 


M'" 


+1.0 


2.9 


M"' 


-0.7 


1.2 




B" 


Zo.6 


2.0 


1" 


+1.0 


2.1 


Dec 15. 


M'" 


ft? 


3.9 


M'" 


+0.5 


2.4 




E"' 


S.2 


N"N" 




-1.0 


2.1 










I" 




-2.5 


3.6 










M'" 


+0.7 


2.6 










F' 


0.0 


1.7 


Dec 16. 


E"' 


^1 


3.2 


M'" 


r^i 


2.4 




M"' 


4.4 


N"N'' 


2.1 










F' 


0.0 


1.7 


Dec 29. 


E"' 
M'" 


^l 


3.2 
3.9 


M'" 
F' 


--0.S 
--0.7 
--U 


2.4 
2.4 

2.4 


Dec SO. 


M'" 


ft5 


3.9 


M"' 


--0.5 


2.4 




E"' 


3.0 


ri 




-0.7 


2.4 










N"N" 


. 


-IJi 


2.6 










I" 


. 


-2.0 


3.1 










E'" 


-0.3 


2.2 
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Etareomp-d 


F/'F"-. 


MUv. 


SUTOMipM 


I'T'— 


IM.HW 


DU«. 1H4. 


*itIiF"F". 


Comp.Slar. 


ofF"F". 


with F'l", 


Ccp-Sto. 
flndo. 




J.0.3. 


E'" 


ftl 


3.2 


M'" 




M.0 


2.9 




E"' 


3.0 


N"N" 


--0.7 


1.8 










N"N" 




-1.8 


2.4 










F' 


1-0.5 


2.2 










M'" 


--«JS 


2.4 


Jmi. 16. 


M'" 


+S.0 


4.9 


M"' 


-1.0 


0.9 




E"' 


.-0.7 


3.2 


1" 


4-1.7 
-flji 


2.8 




m' 


4-1.0 


3.6 


I" 


2.6 










H"N» 


^0.0 


1.1 










I" 


; +0.7 


■ 1.8 










P 


0.0 


1.7 










H"N" 


+0.7 


1.8 


Jul. 17. 


W" 


t?5 


3.9 


H"N" 


-0.5 


0.6 




E« 


8.5 


0"0" 


+0.7 


0.7 










M'" 


—1.5 


0.4 










M"N" 


—0.3 


0.8 










1" 


+1.0 = 


2.1 


Ju. 19. 


U'" 


+OJS 


2.1 


K"N" 


+0.3 


1.4 




E'" 


Zo.3 


2.2 


M'" 


3.0 


0.9 


Ju.m 


M'» 


-0.7 


1.2 


M'" 


-IJS 


0.4 




M'" 


0.0 


1.9 


N"N" 


-0.8 


0.8 




E'" 


—1.0 


U 


<y'(yi 

1" 

1" 


+1.0 
-J).1 
--OJ 


IJ) 
1.8 
1.4 


Jiii.21. 


W" 


-0.7 


1.2 


N"N'' 

N"N» 

M"' 

I" 

H"N" 


OjO 

—0.8 
—2.0 
+0.7 
-0.8 


1.1 

0.8 

-0.1 

1.8 

0.8 


Jut 22. 


W'< 


+1.0 


2.9 


N"N» 


0.0 
-0J> 
-1.0 


1.1 

0.8 
0.9 


3a. 25. 


M"' 


Vil 


3.6 


N"Ni' 


-0.7 


0.4 




E"' 


3.0 


0"0" 


.fO.5 


0.5 




jfii 


aa 


2.6 


I" 

M"' 

H"N" 

0"0" 

I" 


3o.5 
-3.0 
-1.0 


0.6 
-1.1 
0.1 
0.3 
1.4 


Jan. 26. 


M"' 


^l 


3.6 


0"O" 


0.0 


0.0 




E"' 


3.0 


I" 


-0.5 


0.6 










N"N" 


-1.7 


-0.6 










N"H" 


-2.0 


—0.9 
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Data. IBM. 


Staraomp-il 
with F"K". 


F"F"— 
Conp-Slar. 


M.n.s. 

ofF"F". 


Starconp-d 
with 1"1". 


Comp. Star. 


Bal. »*e. 
OfI"l". 


Jan. 27. 


M'" 


OndH. 
+2.0 


Ofada. 
3.9 


0"0" 

0"0" 

N"N" 
. 1" 


eiada. 
-0.5 
-0.5 
-1.7 
—0.5 


-0.5 

—05 

—0.6 

0.6 


Feb.S. 


E'" 

M'" 


+1.0 

- -2.0: 

- -2.3 


8.5 

3.9 
4.2 


0"0" 
I" 


+0J! 
+0.5 


OJ) 
0.4 
1.6 


Feb. 5. 


E'" 


0.0 
+0.5 


2.6 

ao 


M'" 
N"N" 


0.0 
-1.0 
+0.5 


1.1 

0.9 
1.6 


Feb.& 


E'" 
M'" 


+S.0 


8.0 
8.9 


N"N" 


—1.5 

+1.0 


0.4 
2.1 


Ftib.9. 


F."' 


+1.5 
11:2.0 


4.0 
3.9 


M'" 

N"N" 
H"N" 


-1.0 

0.0 

+041 


0.9 
1.1 
1.4 


F*. 10. 


M'" 

E'" 

jy" 


--2.0 
--1.7 
--1.5 


3.9 
4.2 
4.1 


N"N" 
M"' 


0.0 

-1.0 

0.0 


1.1 
0.9 
1.1 


Feb. 11. 


M'" 


+2.0 


8.9 


N"N" 


0.0 
-H1.3 


1.1 

1.4 


Feb. li. 


M'" 
M'" 
E'" 


+1.7 
--2.5 
--1.7 


3.6 
4.4 
4.2 


N"N" 
M'" 


+0.7 
-1.5 


1.8 
0.4 


Feb. 16. 


M"' 


t5:S 


8.6 
8.9 


M'" 


+1.7 


2.8 
1.4 


Feb. 18. 


M'" 

E"' 


V,l 


4.9 
4.0 


K"N" 


+2.5 
0.0 


8.6 
1.9 


Feb. 19. 


E"' 


+1.7 


4.2 


E"' 
M'" 


-1.0 


1.5 
3.6 
2.6 


Feb. 23. 




+2.5 
:i:i.5 


4.4 

4.0 


M'" 
K"N" 


tJ:2 


2.9 
3.1 


Feb. 25. 


D"' 


.fO.6 


8.1 


N"N" 
M'" 


tJJ 


2.6 
2.2 


Feb. 26. 


D"' 


-4-1.0 
:f2.5 


8.6 
4.4 


N"N" 
M'" 


425 


2.1 
2.4 
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Date. ISM. 


Slareomp'd 
,ith F"F". 


F'/F"_ 
<>».|..8ttr. 


B<I.M.B. 
ofF"F". 


SUroompM 
with I'T'. 


I'T'- 

C01Dp.StM. 


B.LM.K. 
ofl"!". 


Feb. 27. 




Ondift 


GndM. 


M"' 


a»iM. 
+1.0 


Onda. 
2.9 


II»rdi2. 


E'» 


tli 


5.0 
4.6 


WW 
M'" 


1:?;? 


4.1 

3.4 


JtirehS. 


E'" 


+2.0 


4.5 


N"N" 

M™ 

E'" 


+3.0 

--0.5 
--0.5 


4.1 
3.2 
3.0 
3.1 


Uaicb9. 


M'» 


+2Ji: 


4.4 


M"' 
D'" 
E"' 


- -2.5 : 
--0.5 
--0.7 


4.4 
3.1 
3.2 


Hardil2. 


M'" 


+2.0 


3.9 


N"N" 

M™ 

0"0" 


-0.5 
-2.0 
+0.5 


0.6 
-0.1 


March 14. 


M'" 


+3.0 


4.9 


WW 
0"0" 

I" 


-1.0 


0.1 
1.0 
0.4 


UarehlS. 








N"N" 
I" 


til 


1.6 
2.6 


Much 16. 


M'" 

E"' 


tli 


4.4 
4.0 


WW 
M"' 


+2.5 
-OJJ 


3.6 
1.6 


Uaivh 17. 


M'" 
M'" 


itK 


4.4 
4.9 


N"N" 
M'" 


+0,7 
-1.7 


1.8 
0.2 


March 18. 


M'" 


+8.0 


4.9 


WW 
0"0" 
M»' 


-0.5 
+1.0 
—2.5 


0.6 

1.0 

-0.6 


March 19. 


M'" 


0.0 

+2Ji 


1.7 
4.2 


N"N" 


0.0 


1.1 


March 21. 


M"' 


+1J1 


3.2 


M'" 
M'" 


+2.0 

-0.3 

0.0 


3.1 
1.6 
1.9 


March 24. 


M'" 
E"' 


t?:? 


4.9 
4.2 


M'" 
M'" 

WW 


—1.0 
—0.7 
+3.0 


0.9 
1.2 
4.1 


March 28. 


M»' 


+2Ji 


4.4 


W" 
WW 


0.0» 
+2.6 


1.9 
8.6 


Aprili 


M'" 


+2.0 


3.9 


p» 

M'" 


-1.8 
-0.7 
+1.0 


0.4 
1.2 
2.1 



* Two obMrratioiu. 
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SMreomp'd 




F"F"- 


Eel. M«. 


SUroomp-d 


1"!"- 


B.I.M.S. 


D«M. IMl. 


wiib F"F". 


Comp. Stw. 


(,rr"F". 


with I"l". 


Conp. SUr. 


ofl'l". 








o«*« 


Ante. 






QndM. 


QndH. 


April 7. 


M"' 




+2.5 


1.4 


N"S" 


- 


hi.o 


2.1 












M' 






-1.0 


2.9 












N"N" 


. 


-1.5 


2.6 


Aprils. 










M 




--0.5 


2.4 


Aprils. 










M'" 


" 


1-2.0 


3.9 




BelktiTi 


RclRtin 


ObMrved D.O. 


BaUtiT* 


BeUtin 


ObMiredDar. 


Dale. ISS3. 


U>g. F"F". 


U*K. I"i' 


. r"F"-I" 


". D«te. 18B4. Mxt. F"F". 


11»E. 1"I". 


F"F"-I"1". 




OiwlM. 


QndM. 


Onim. 






flnuM. 


flwM. 


GlXiM. 


Oct. 15. 


8.7 


1.6 


2.0 


Feb. 


11. 
12. 


3.9 
4.1 


1.2 

1.1 


3.5 


Dec. 7. 


82 


1.5 


2.5 




16. 


3.8 


2.1 




& 


SJ) 


1.9 


1.2 




18. 


4.4 


2.8 




9, 


3.8 


2.3 


1.0 




19. 


4.2 


2.6 


2JS 


10. 


2.4 


1.6 


1.5 




23. 


4.2 


3.0 


2.0 


15. 


3.G 


2.5 


1.0 




25. 


3.1 


2.4 




16. 


3.S 


2.1 


2.0 




26. 


4.0 


2.2 




29. 


3.6 


2.4 


1.7 




27. 




2.9 


1.7 


SO. 


3.4 


2.5 


1.0 




















March 2. 


4.8 


3.8 


2.0 


I8S4. 










3. 


4Ji 


8.3 


1.7 


Jrd. 3. 


3.1 


iS 


1.0 




9. 


4.4» 


8.2 


0.0 


16. 


8.9 


1.8 






12. 


3.9 


03 




17. 


8.7 


0.6 






14. 


4.9 


0.5 




19. 


2.3 


1.2 






15. 




2.2 




20. 


1.5 


1.1 


1.0 




16. 


4.2 


2.6 




21. 


1.2 


0.9 


1.3 




17. 


4.6 


1.0 




22. 


2.9 


0.9 


2.0 




18. 


4.9 


0.3 




25. 


3.1 


0.3 






19. 


3.0 


1.1 




26. 


3.3 


-0.2 






21. 


3.2 


2.2 




27. 


8.9 


-0.2 






24. 
28. 


4.6 
4.4 


2.1 

2.5 




Feb. 8. 


8.9 


0.8 














5. 


2.8 


1.2 




April 


4. 


3.9 


1.2 




8. 


3.4 


1.2 






7. 


4.4 


2.5 


3.0 


9. 


4.0 


1.1 






8. 




2.4 


1.0 


10. 


4.1 


1.0 






9. 




8.9 


1.3 



It will be aeen from the foregoing observations that the general results of 1862-63, 
with reference to these stars, were confirmed in the following season. 1 add a few 
observations of my own, made by Prof. Bond's direction, which may therefore be con- 
sidered as in some degree a continuation of his series. I find upon examination that 
1 grade of my scale represented very nearly 0*.44 of Prof Bond's, so that we appear 
to have proceeded upon moderately different ideas of what a grade should be. The 
reductions are effected from the same series of magnitudes of the comparison stars as 

* DiSference too greftt for »»& compariMm. 
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have already been employed, mxiltiplying, however, the quantities in the columns 
F"F"— Comp. star, I'T'— Comp. star, by 0.44 before using them. 

I have preferred this course for uniformity's sake, as it gave nearly the same result 
as a reduction, using my own values of the relative magnitudes of the stars, and with 
about the same probable errors. The magnitudes expressed in my own grades are : — 

0"0" 0.0 

N"N" 1.2 

M'" iJ) 

E"' 4.0 

P" « 

IV" 5.2 

but are derived from too few observations. The series was interrupted by Prof Bond's 
decease, in February, 1865, and the pressing duties consequent upon that sad event 





Stu coiDp'd 


F"F"- 


B.I. tug. 


5t.Tcomp'd 


I'l"- 


E.L U>K. 


tHte. IBM. 


irilhF"F". 


Coop. Sttf. 
nndM. 


atV'V. 
Ond-. 


wimr'l". 


Comp. SUr. 
Onto. 


ofl"l". 


Ju. 11. 


M'" 


--3.0 


3.2 


M"' 


-1-2.0 
-1-1.0 


2.8 




F' 


--S.0 


3.0 


P" 


2.1 




D"' 


--1.0 


3.0 


Dm 

N"N" 


-1.0 
+3.0 


2.2 
2.4 


Jan. 12. 


M'" 


ftS 


2.3 


M™ 


+1.0 


2.3 




E'" 


3.4 


D"' 


-lOi 


1.9 




D"/ 


3i.o 


2.2 


E"i 


+1X1 


2.9 










N"N" 


1.8 


J.D. 16. 


M'" 


+1.0 


2.3 


D<» 


0.0 


2.6 




D"' 


-1.5 


1.9 


M'" 

N"N" 
N"N" 


+1.5 
-1.0 
-.1.5 


2.6 
1.5 
1.8 


Jan. 18. 


M'" 


—0.5 


1.7 


M™ 


+1.0 


2.3 




W" 


—1.5 


1.9 


D"! 


X8.0 


1.3 




E"' 


-2.0 


1.6 


E"' 


-1.5 


1.8 




N"N" 


+1.0 


1.5 


N"N" 


+U 


1.8 


Jan. 20. 


M"' 


+0.5 


2.1 


M" 


—0.5 


1.7 




W" 


-0.5 


2.3 


E'" 

N"N" 


—2.0 
+1J 
+1-0 


1.6 
1.8 










0"0" 


0.4 


Jan. 20, bil. 


W" 


+1.0 
+1.0 


2.3 


N"N" 


-.fl.5 


1.3 




N"N" 


IJ) 


M'" 


--0.5 


2.1 




B" 


-2.0 


1.6 


E'"* 


--2.0 


(3.4) 


Jan. 25. 


M'" 


+0.6 


2.1 


M»N'' 


-1.5 


0.4 




B« 


3l.o 


2.1 


0"0" 
H''H» 


-1.0 
-fS.O 


-0.4 



• Thi« ihonld proUblf be —2.0, h F"F" U duUncOr (tated to be brighter Uian I"l" 1 gr^- T. H. S 
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RelRtln 


R«UtiTa 


ObwnN>d Diff. 


D»te.lB«e. 


U>g. F"F". 


ii>e. I'T'. 


r"F"— I"l". 




Ante. 


QndM. 


Onta. 


JSD. 11. 


S.l 


2.4 




12. 


2.6 


2.2 


0.4 


16. 


2.1 


2.1 


0.0 


18. 


1.7 


1.8 


0.4 


20. 


2.3 


1.4 




20^ bis. 


1.8 


1.7 




2&. 


2.1 


0.0 





It may, I think, be assumed as imquestionable, that the stars H. Ill and H. 133 are 
variable. It would, however, be premature to attempt to determine their perioda and 
the curves of brilliancy ; which latter appear to be of a somewhat irregular nature, 
not unlike other instances of the same class of phenomena. 

Other stars have been also suspected ; the most probably variable of them is No. 
80L It is identical in all probability with W. C. B. 86, and has therefore not been 
seen at Fulcova, as the latter is considered by Struve to be identical with W. C. B. 78. 
It was first seen by G. P. B. at Cambridge, Feb. 20th, 1863, and on March 6th, March 
11th, March 22d, of that year was easily seen; March 17th it was not certainly visi- 
ble, and on March 27th and 30th it was not visible at all. 

A note by Prof Bond, written later than March 17th, 1864, states that this star ia 
certainly variable, "no trace of it [was seen] Jan. 3d, 1864, under definition showing 
the companion of I'l" [H. 134, No. 832 of the General Catalogue] bright; not visible 
Feb. 3d, 1864, under fine definition; not visible in 1864 up to March 17th"; and on 
the latter date a note states that ''these two stars [H. 78 and No. 801 General Cata- 
logue] have been regularly sought for on every night when atmosphere has not been 
very much disturbed," and there is no note that No. 801 haS'been seen since March 
22d, 1863. The variability of this star is only possibly questionable, because it is 
situated in the comparatively dense nebulosity of the Messierian branch. The nebu- 
losity has, as has been abundantly noticed in the preceding pages, a tendency to oblit- 
erate faint stars when the atmosphere is disturbed. This however does not account 
for its invisibility Jan. 3d, and Feb. 3d, 1864. 
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PHYSICAL OBSERVATIONS OF THE NEBULA IN ORION. 

The structure of this — the most remarkable of the nebulae known to astronomers 
in Europe and North America — is of very great importance in its bearing upon the 
nebular hypothesis. The observations made here were largely embodied in drawings, 
from which the engraving of the nebula which accompanies this work was executed ; 
but, besides, there are a great many allusions in the journals of observation to physical 
characteristics, which have been extracted and are here given ; the observations pre- 
vious to 1858, however, as a portion and a continuation of Prof, W. C. Bond's, were 
omitted here, to be given afterwards in Appendix I. As in the last section, the 
notices within brackets were supplied by the editor, as were also the foot-notes. 

1858, Feb. 8. In the region preceding the trapezium, I was struck with the apparent increiise of small 
Stars in the parts where the nebuloait; was brightest. I have before received a similar imprecision in the 
northern zones for the region preceding the nebula. 

1859, Feb. 21, 8 P. M. Clear, but only tolerablj good virion ; Chart I. Commenced drawing the nebuln 
in chalk, on the charts prepared by Mr. Hall, of all the stars on a black ground. There is a remarkable dark 
region extending from AR. — O" 35" Dec. + 11' 20" rel. to ^ to the Dec. + 26' about, at which point 
bright nehulosi^ again appears. I have not thus far, since commencing in 1857, made an^ attempt to com- 
pare our results with previous observations. 

1859, Feb. 22. The region about F", H", etc., has an appearance of resolvability. 

1859, Feb. 23. Drew again on Chart I. There ia a very large area north of the nebula, in which there 
is but little if any nebulosity. Under the best definition no star is to be seen within the trapezium. The edge 
oi [the S. E. edge of the Huyghenian region] seems to be just perceptibly (more strongly seen March 4lh) 
brighter than the region within it ; wis the brightest part of the nebula, x is very black, i/ bright. There is a 
curved bright outline as at pq. 

1859, March 2. I think that there is oflen a disposition of the nebulosity to shrink from the immediate 
contact or neighborhood of some stars, and as evident a tendency to condense about others. I am disposed to 
think that, in general, where the stars are most numerous, there is also an increase of nebulmily. 

1859, March 4. The moisture condensed on object-glass. The nebulosity preceding trapezium, distant say 
1' at w, and towards a point half-way from a to f of Feb. 23d, is the brightest of all. Several stars about the 
trapezium as A, etc, are decidedly nebulous, or have nebulous attachments. This would be highly important 
to verify. (Subsequently verified, vide March 10th.) [A is here the star 6* Orionis = Y".] 
46 
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1859, March 10. Admirnble definitioD. Moon six days old in neigliborhood. Two reatures were verj' 
noticeable. Ist. The great number (probably at least 20 could have been located) of very small stars in the 
region south of the three bright stan Y", B"B", and E"E", [H. 93, H. 101, H. 110,] as far as P"' and 
F"F" and h"h"t, and between this and the Great Proboscis. Another feature exhibited, and several times 
noted on other dates, was the nebnloas appendages of the stars T", B"B", and E"E", as above represented; 
that of Y" is very evident On a scrap of paper I have indicated the region which has most bright stars, and 
it is remarhable that it is just where the small slar^ appeared in the greatest number on the 10th. That is in 
the region s. f. 0, and preceding the Great Proboscis, and is occupied with a bright difiiise nebulosity, mostly 
very evenly graduated. In the black regions near and n. f. 6, but a single very faint star could be seen. 

1859, March 23. 236» = &" 57", a patch of light just visible 40" preceding the centre of trapezium and a 
little south of the centre. 236^7'' 00°, a patch of light 1'30" south of centre of trapezium and following 1'. 
Looked at the nebula in early twilight, and found that the bright part surrounding the trapezium is outlined 
as in my water-color drawing, and as described Feb. 23. 

[1860, Jan. 16th, occurs a diagram in which ihe bright portions of the nebula about 1' preceding ihe trape- 
zium are marked as probably resolvable under very fine definition.] 

1860, Feb. 21. & Sid. T. The spiral whirl of the nebula is readily distinguished when attention is once 
directed to this feature. 

1860, Dec. 6. Have more than once noticed that there is a tendency in the nebulosity to dispose itself 
about Ihe groups of bright stars in preference to other regions. 

1861, Jan. 2. Thought I could recognize at least nine distinct instances where the nebulosity of Orioo 
was expressly associated with bright stars or groups, sufficiently marked to arrest attention when directed to 
this particular aspect. There are included within a region 30* on each side of trapeKinm, from < Ononis, a 
nebulous group, and a group north of trapezium 1' more distant north of it than t is south, and in nearly the 
same AR. 

1861, Jan. 28. Nearly clear sky. Definition preKy good. Now that attention is directed to the fact, (he 
imprest'Ion of a diverging spiral-like radiation of wisps of nebulosity from the bright region near the trapezium 
is very certain. There are one or two such near a [about 1' preceding trapezium, 0.'5 south]. The three 
groups of stars constiluling the stars of (he sword-handle of Orion, i, 6, and [c,] are foci of nebulous regions. 
The northernmost has about it a great mass of nebulosity which brightens up around several of the stars. 

1861, Jan. 31. [Some differences of AR. are given among four stars, of which (c) ia c'Orionis, (d) is c* 
Ononis, (a) is 536 of the present catalogue, and (b) 614 or 629. This region is brightly nebulous, especially 
about these four stars, and in the field preceding (c) and (d).] Alwut (a) the accumulation of nebulosity is 
especially marked. Connection can be traced between this nebulosity and that about the trapezium. There 
is a decided accumulation of nebuloitity about a alar of 9ih Mag. 11' south of the trapezium, and 35 seconds 
of time preceding it [probably H. 34 = 467 of the General Catalogue]. All the region for several fields 
around < Orionis is nebulous. Definition good. Eye-piece and object-glass clear. It is remarkable that about 
each group composing " sword-handle " of Orion, there b an accumulation of nebulosity quite evident even in 
the finder. See Obs. Feb. 21, 1863. There are, besides, several instances of a similar preference to the 
neighborhood of individual stars. The whirl-like arrangement of the drifls of uebulouty about the region of 
trapezium is very striking to-night. 

1861, Feb. 6. Clear, with tolerably good definition. When the attention is given expressly to the dark 

* Chronometer nearly iudicatiDg Sidereal time. 
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Striae or furrows, their contlnaity becomes much more dUliact, and the radiation more than ever evident. 
Those numbered [in a diagram aceompanjing] are clearly recognized as tending to give the wisp-like aspeot 
and whirl of the brighter streaks of nebulosilj'. No. S is about 12' preceding T' [H. 103], and is 1' north of 
it. Thb streak tenda a little to ihe south of T', above it b 4 tending to 2. This region about 2, 3, 4, and S, 
has a twisted net-like a.«pecL 12 is remarkable, reaches half way from apex of nebula towards n. I propose 
to draw the dark features of the nebula with as little regard as possible to the bright regions, and vice versa. 
Tlere is a field having only one or two stars visible, and those of the smallest visible, 15' prec, i Orionis 
while about it are grouped a brilliant assemblage of all grades of brightness. 

1861, Feb. 6. Very cold, [6° Fahrenheit,] and bad definition ; not free from haze. One edge of the two 
dark channels (of the lower of ihem) passes at x. 

1861, Feb. 12. Afler warm rain, cleared suddenly ; not good definition, bnt clear. Ohjeci-glass covered 
with moisture twice. Dark channels y and x distinctly traced as represented. 

1861, Feb. 13. Good definition. Slight baze in sky. Examined the dark wreath-like openings, and traced 
a Urge number on chart M (tracing Unen) ; was more than ever convinced of their whirl-like disposition. 
The whole bright region n. p. trapezium, shows the tendency strongly, and I suspect a radiation in Ihe bright 
regions, lying to the n. p. side of line joining the stars L", N", and E". The region about T' has an indica- 
tion of like tendency. 

N. B. That line from t Orionis to c Orionis, and to northernmost stars of sword of Orion, is an axis of light 
(and stars) radiating from trapezium. 

1861 [no date]. The examination of spiral structure was begun systematically about Feb. 6, In the Regio 
Godiniana, and proceeded regularly on successive nights round in the p., s. p., a. f., and f. quadrants. 

1861, Feb. 25. Quite hazy. In finder [aperture 34 lined] the general indication of radiation of light from 
nebula ia towards A, B, C, and D, noticeable in finder. [I cannot identify tbese points very exactly ; A is 
about 12' from R. Huygeuiana in AR. — 3' ± ; B is upon the Proboscis Major; C is about 9' north of the 
nebuhi Mairanni; D ts perhaps a— 8', 8-}- 4'.] 

1861, Feb. 26. A fine clear night, with good definition. The best opportunity for viewing the nebula that 
has offered thia winter. Set upon the nebula in strong twilight, and prepared for examining the quarter s. p. 
the trapezium with reference to the disposition of the wreaths or streaks of nebulosity. On previous evenings 
I have examined the n., n. p., p., and s. p., portions in succession. From the star B" a narrow brush or ray 
extended towards Q" as indicated on the chart M. in yellow. From £"£" there is a broad diffused mass of 
nebulosity extending towards F"F" not regularly curved from E"E". From A" A" towards trapezium the 
radiations seem to cross each other, forming a net-work, as it were, reticulated. Indeed, elsewhere, in many 
instances the wreaths, like smoke from wet weeds, grass, or hay thrown on coals, seem to intertwine in a way 
quite difficult to draw. On turolng to the region hounded by the following stars, viz : h"h"„ K"K", I"I", 
H"H", W, U', and the trapezium, it was with great interest that I was able to trace, under a fine sky, very 
evident narrow wreaths especially crossing Ihe line I"I" to W. All of them could not be accurately located 
in the sketch on chart Jlj but the general aspect of long narrow wisp-like bright streaks, " Streifen," some of 
them W or 15* long, alternating and intertwined darker channeb were very plainly seen and could not be 
overlooked after the attention bad once been arrested upon the feature. Between E"E" (H"H"?*) and W 
are as many as four dark streaks, and three or four, if not more bright wisps. The latter are rather more 
readily distinguished than the darker tracings. 

* Note hi parentbeiis by O. P. B. 
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The evidence afforded by the fine view of this evening leaves no doubt whatever of the structure of the 
nebula. It is impossible now to see it in aitj other aspect than as a iraze of radiating spiral-like wreaths of 
nebulosity or filaments, tentacles ; the centre of the vertex being about the trapezium. I think that the 
brightest region of all, that surruunding the trapezium, looked at in the light aSbrded by this diaposilion of ihe 
more distant nebulosity, shows itself to be nothing else than an intricate convolution of similar wreaths. T. 
H. S-i who looked at the nebula, compared it to an appearance of auroral rays streaming up and out from the 
trapezium in an ascending spiral The trapezium at the vertex, like a watch-spring, with its outer turn hori- 
zontal and centre drawn down, seen from above. H. F. T.* compared radiation to smoke from burning 
weeds when wet 

N. B. The character of the convolutions can be represented best by dropping a little ink in a tumbler of 
water; after the ink has diffused itself for eight or ten minutes the resemblance b exact, as to the aspect of 
the filaments. Earlier, tbey are too well defined and too narrow and threadlike. 

N. B. The Btar B" is to be added to those having bruMhei of nebulosity appended on their southern 
sides. 

1861, Feb. 26. A few glimpses between clouds. Noticed an interesting feature iu parallel preceding 
trapezium. The bright striae from H", (E" ?), 12lh, can be traced as indicated on chart M. to the star under 
M (as in margin) in whirl towards trapezium. [The alar under M (M' 7) appears to be 0' ^ H. 70.J 

1861, March 4. Definition good ; sky not always free from clouds. The striae between I"I", H"H", W, 
and U' well seen. Traced connection of light from d', as it passes between F' and G' across the sweep of 
the curve (from G' to below F') in continuation with a large bright mass directed from trapezium towards £. 
I also trace more alternating bands from C towards T. 

1861, March 5. A very clear night. Definition is not better than usual, though good. A dark channel 
passes from F' between D' and H", and can be traced 12' beyond C, and D* and is quite distinct. The dark 
channel directed towards the small star nearest n. f. F' nearly in Dec. of c Orionis, has well-defined straight 
parallel edges, clean cut. I draw only the bright and dark striae which are to be superimposed on the general 
shading of the nebula. The sudden sweep of the striae in the r^ion n. p. £' is well and certainly rect^nized. 

1861, March 7, Very cold, but vision quite good, considering the low temperature. One of the clearest of 
winter nights. Noticed another instance of nebulosity radiating to southward from star of 6lh (?) Mag. located 
on map M. near stars g), gi, fy and 12' south of apex of light. This ia perhaps a continuation of nebulosity 
from H"H", h"h"„ but the star is too bright to trace the connection. Dark channels of irregular width and 
tortuous, run up on either aide of the nebulosity, trending from this star a little to left of i Ononis. The dark 
canal was traced from i', past W to almost as far beyond W as W is from trapezium. 

1861, March 11. Night perfectly clear, definition very fine. Traced the lerminaa of bright nebulosity on 
following side of trapezium towards K"E!". The brightness continues without much diminution to line from 
I"I" to W. It is plain that the termination of the brighter nebulosity on the n. p. side of the Dcbula is the 
bright masa indicated on chart M. which sweeps around £7 to D*. 

The opening south of E', F', to D', H", Z", is not at all dark, jt is rather indicated by its ouUinet than by 
deficiency of light. Whereas beyond the sweep preceding D', E', the falling off ia abrupt and decided. There 
is, however, a dis^ot continuation of the nebulosity of the regioa s. f. E to just two fields (24') preceding S, 
where it sweeps up. 

The long wreaths from the region P", Q", to M' particulariy well aeen and delineated on chart M. There 

« H. P. Tuttle, Esq., now Assistant Farmaster U. S. N. 
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IB pUinlj' a long stria made up of teveral filaments, having a general origin near (he bright mass close preced- 
ing M', which exlenda almost to the parallel of L". The most interesting observation of the evening was the 
aspect in which the whole bright region close about (he trapezium preeetited itself as a mass of mtpi, carling 
OQt touxtrdi the eye, and to the left in short tuAs cnrving back. I associate plainlj' into one group of wispd all 
the bright regions on the preceding Bide of the trapezium, even the abrupt venical thj j9 [the preceding or 
"W. boundary of the Huygenian region] is clearlj connected as a whirl from the ray, shooting out more faintlj 
towards P". 

1861, March 20. Was satisfied of the whirl character of bright masses 8. p. trapezium. 

1862, Jan. 31. Notice that both c' and c* Orionis are decidedly nebuloua, i. e. have well marked aggrega- 
tiona of nebulosity abont them. There are also two other stara within 4' or 5' of them having a similar char- 
acter. The spirality is most distinct in the region preceding trapezium, and in same Dec. or near it, say 3' 
either side. 

1862, Feb. 18. Clark's 18^ inch object-glass. Good definition, calm and clear. Temp, about 32° [Fah- 
renheit]. Obtained a very fine view of the nebula willi the great object-glass. The cirrus-like filaments 
■weeping outward from the Regio Hnygeniaoa perfectly distinct, far more bo, indeed, than with our Id-inch 
object glass, and entirely anqnestJonable as to their wisp-like curve or tpirality in the sense attached (o thlB 
term by Lord RoBse. The filaments were more numerous, distinct, and cirrus-like than I have before seen 
them. In the R. Gentiliana, Derhamiana, and Ficardiana, this disposition was very strikingly evident The 
B. Hnygeniaoa was resolved into a confused assemblage of wispy mai^ses verging on resolution. The region 
south of R. Subnebulosa towards, and following Sinus Gentilii, abounds with very small stars. The nebulous 
light shooting southward from the bright stars in the R. Subnebulosa, more especially the preceding one, are 
very plain, also the nebalosity of the nebulous star s. of R. Glentiliana has same tendency very plainly seen. 
As the result of this view I was entirely confirmed in my previous impressions of the spiral structure of this 
nebula.' 

1862, March 26. [Group of stars AR. 0' Dec— 16' noted as strongly nebnlons.] 

1862, March 27. N. B. That nebulosity tends to aggregate about the groups of small stara. That the 
imalUit stars in the bright masses of nebulosity about the trapezium are easily seen in strong twilight, and 
before others in darker regions come into sight, although when the sky becomes dark the latter are much more 
easily seen. This shows that the small stars near the trapezium are really much brighter than they appear to 
be, (heir light being commonly overpowered by that of the nebula. This foot is important as evidence of a 
clustering of stars about the bright nebulous regions. 

1869, Jan. 18. Bridge over Sinus Magnus easily seen, with brightening np in the middle. 

1863, Jan. 19. The bright ridge ^n parallel in Sinus Magnus) was distinct 

1863, Jan. 25. The daii sti-eaks from the vicinity of R" towards L" are very remarkable. Region about 
H" has a strong appearance of resolution. 

1863, Feb. 7. 3** l™. Outline of nebulosity prec tr. just visible. [Later in evening] in the field following 
in Dec. of L'", bringing U" to preceding edge of field, are filly stars, lai^e and small. AH this region, and 
thence to H"H" and between N'" and Y" is strewed thick with very small stars which could be kept steadily 
in view. There are hundreds visible, not on charts. Korth prec. T' are great quantities of stara ; evidently 
the mass of stars is in line of AR. of ff. But the field following T has many very small stars. The large 
starless areas two or three fields following S'" are remarkable in contrast. I several times found fields destl* 
tnte of the minutest star under the finest definition. 2| fields following the bright stars S'" and V" is a field 
47 
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without the slightest trace of r star, under iuperb definition. Kot a trace, on ihe meridian. Field 12', and 
mnch of the neighborhood, has but two or three slar^ Tlie area destitute of slar^ (contiguous) is probablj 
at least equal to two fields. No nebulosity in Nime area. Have rarely, if erer l>efore, known such fine defini- 
tion to continue uninterrupledly for so long aa interval First viewed the nebula in strong twilight, but was 
annoyed by moisture condensing on the lenses of the eye-piece, which seldom happens ; but vision was very 
fine. Laler in evening went hack to telescope at 7 P. M. and slayed until 11"; during ihe whole time defini- 
tion of the first quality. 

1863, Feb. 16. As haze gathered, compared Ihe finished drawing of 1859, with nebula about the trape- 
zium, and found it unexpectedly exact ; the only corrections were : — 

1st. Bridge of Sinus Magnus should incline more to hour-circle. 

2d. The Promontory (in parallel of Q') is rather too bright in general color. 

1863, Feb. 21. Looked in Comet-seeker at the three stars of "Sword-handle" of Orion; the clustering of 
small stars about each is indubitable, and as evident as is the aggregation of nebulosity about the same centres. 

1863, Feb. 23. Marked on copy for Mr. Watts to engrave several corrections of drawings derived from 
combination of all sketches. Light in region n. p. trapezium falls off pretly suddenly, about in AR. of \ (P" 
4-Q")- Next examined with Shimmin eye-piece, power 90, as follows. Noticed particularly, that at least 
part of the effect of " reticulation " is caused by the two wisps x and y, (he former brighu The latter faiuler 
but certain, proceeding from (he bright triangular mass ». Tbe^e two are intersected by the wisp streaming 
off from 0*. [Here x and y is the wisp running off from the neighborhood of the s. apex of the R. Huyge- 
niana, towards the s. f. quadrant; y is parallel to x.J Noted sweep of the large convolutions n. p. trapezium, 
about c, especially a. p., and was well satisfied with drawing. The annular nebula near i Orionis is a 
very beautiful object (a cluster?) star or stellar nucleus, is about as bright as O. This is the nebula H. 
IV. 33. 

1863, Feb. 28. Noticed that the sweep of nebula in W. C. B.'s engraving, in region n. p. trapezium, repre- 
sented as a gulf, may have been intended to express ihe rather sudden falling off of brighter light from the 
Huygeniana Region, to which it bears considerable resemblance. 

1863, Feb. (no day stated.) The drawing of 18^9 was compared in details with nebula in end of Feb. 
1863, and no change of any prominent feature could be I'ecognized. Mr. Watts's copy of nebula was corrected 
in a few details, I think Feb. 23d, not later than 25th. 

1863, Dec. 7. I always look at Sinus Magnus, etc^ for change of feature, hut was never satisfied of any not 
accounted for by change of atmospheric condition. The region close s. p. trapezium shows pretty plainly the 
wispy structure. The wisp a is narrower than in our engraving [this appears to be the wisp bounding the R. 
Huygeniana on the preceding side]. 

1864, Jan. 3. Ixtoked particularly at clustering of stars, and am persuaded that they are associated with 
the a^regations of nebulosity about t, $, and c Orionis. The nebulosity about c is quite bright, involving a 
large group of stars. 

1864, Jan. 20. A chart of all the stars from 2° north lo 1° south of Orionis, would illustrate the aggre- 
gation of stars about nebula effectively. 

1864, Jan. 26. F"F" has a strong wisp of nebulosity running off to s. f. side, and should he perhaps reck- 
oned among the stars with attachments. I find not a large, and by no means very faint mass of nebulosity, 
sweeps from the region preceding D'J' (H. 4), and 35* at earliest preceding H'" (H. 23) to t Ononis, besides 
Ibat from Messieriau branch. 
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18G4, Feb. 3. Under fine definition the third field following Piaszi [star] (=V"') U tlarUu. Tbe wisps 
shooting southward from Y", B"B", and E"E", finely seen ; that from B"B" certain, but less distinct, owing 
perhaps (o confusion with b"h" [b"b"t?]. Tiiat from E"E" I tliought tended to sweep round towards direc- 
tion of A" A". As usual under fine definition, the region between Y" and F"F" aeemd to have man/ very 
fiunt stars which have not been recorded, though with time thej might be; S [H. 84] near Q' [H. 87] is 
just ^ < [II. 80] ; both are in narrow dark stripe, with bright nebulosity near at hand on all sides. The 
nebulosity from 6, sweeps up both on preceding and following sides to t Ononis ; from the " Cam " [the nebula 
of Mairan] it lends rather to the following side of c Ononis. The annular nebula, U. IV. 33, is a beautiful 
object; central star vivid and opening, remarkably outlined, coming close to star on n. p. side. This nebula 
is connected by diffu^ light with t Ononis. 

1864, Feb. 26. Clear, but definition much disturbed by fine very rapid undulations. Can trace connection 
of nebula c Orionis with that of & with entire certainty, the junction being best pronounced hy way of region 
Dorth, and a little preceding T'. By moving the telescope filed in declination with [of] faintest part of con- 
necling nebulosity, and then several degrees away in AR., I could readily recognize, in sweeping past, the 
region of this connection by the nebulous light filling the field. Both the above and the connection recognized 
Feb. 27, were confirmed perfectly, March 3. (.See drawing on large chart, March 3 and 9.) 

1864, Feb. 27. Going to the telescope at 5" S0° Sid. Nebula on meridian, sky dear, and twilight not 
quite vanished ; could very easily connect the nebula c Orionis with 6, Nearly in direction of AR. the mass 
tending to proceding side of meridian of 6. This nebulosity extends at least 20' north of c and as much pre* 
ceding; the limits becoming diffuse and blending with stars. 

1864, March 2. At 6** 10". Under a very fine and clear sky, with good definition, explored and drew on 
chart portion of nebula about c Orionis, using power 146. A double connection with ff Orionis was clearly 
made out, one on the preceding side of T' towards F', the other running in a direction n. p. to the north side 
of Cam. The dawning of light in approaching the great nebula, is sensible very much outside (north) of the 
engraving. Light shades very gradually, and on it are superimposed as it were the " Cam " [nebula Mair* 
anni] and other features. 

1864, March 3. Micrometer taken off [lo apply a Huygenian eye-piece of low power]. Atmosphere of 
perfect transparency, and every condition favorable, vision quite good as to definition alsa 

(1.) Power, 90. Light may be discerned 448 beats ^ 224* preceding i Orionis in same parallel, and a full 
field B. and s. f. t Orionis, shading insensibly; fields 161* about (see below; field^36.'3). 

(2.) Uessierian Branch sweeps finely lo point, say 8' n. p. i Orionis, connecting strongly with nebulosity 
sweeping over from D"' encircling dark area, of which centre is in AR. of £'", and say 8' s. of it. The 
sweep of nebulosity on both sides clearly defining this dark area, and blending away insensibly to s. and s. p., 
is one of the grandest features of the nebula. By Obs. March 9, field ^ 36'. 

(3.) Can discern light one field preceding, and in parallel of £'", and 8' fol. S'" (= V" ?) (2d of Fiazzi's 
Btars) very faint. 

(4.) A protty strong body of light, in breadth ^ J extreme length of " Cam," extends ) field in parallel 
of S' (of Cam) foL it 

(5.) Light extends strongly, one field preceding, and in parallel of ff, and thence stiddenly fainter, and 
very faint, say | field following. 

(6). Faintly lo one field preceding (30° north of) F'. 
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(7.) I think a THint nebulous ground is slill discernible as far as I'J to 1^ field prec c^ Orionis, and in par- 
allel and wirh entire certainty ^^ field Tollowing it. 

(8.) Quite decided light to 1 j field n. 4o° fol. c'. Faint -fg of field due north of c' and 1^ field in direo 
tion prec. 45" north (^ee 11). See ohservattona Feb. 27. Nebulosity at least 20' north of i^, and as much 
preceding, but both sky and power then used were le^s favorable. 

(9.) The association of nebulosity about stard near c Orioni-i, is very remarkable. There are four striking 
examples, including c', not reiikoning c*. The most remarkable ia in S — 8„ -|-39.'5 a~a,:= — i' rough, 
double star 7th mag. 

(10.) Revised drawing of c* Orionis made last night, and with a few corrections made it entirely satis- 
tory. 

(11.) The coarse cluster straggling round a centre in S— S, + GO' a— Oo— 10", givea so much light that I 
cannot decide whether it is enveloped in nebulosity from c". 

Notes which follow were wtilten out on the 4th, using rough memoranda, put down on 3d. 
(1 6.) Power, 90. Obs. 4th. Measured apparent field of view ^ 58°. Hence the low power eye-piece, 
has a power of 90 roughly. 

Low power eye-piece, March 7, baa a power ^91 by another method. 

(2 b.) The grand sweep of nebulosity froro D'" on one side, and Messierian Branch on the other, bright and 
well defined on the boundary of the dark region enclosed by it soaih of E'", is a fine feature, brought out with 
fur greater dislinctnCRs lo-nighl, with the low power, than I had before seen it. To the southward and s. p. 
side light shades off insensibly, without decided feature, excepting the nebulosity about i Ononis, and some of 
the neigliboring stars. The light to s. p. side of D"' associates it-'^elf so decidedly with that, it should be 
classed among examples of that fenture. The whorl of the nebulous wreaths from prec. side of the Huyghe- 
nian Region is admirably displayed, rising like smoke of grass or weeds in a bonfire, in filaments as it were, 
and ascending past D'", bending round to a little north of i Orionis, which, however, it envelopes in its fainter 
southerly expansion. 

The dark area south of FJ" is remarkable ; did not record its diameter, but it must have been 8' or 10'. 
(5 b.) A great diffusion of light n. p. $ diminishing rather suddenly, but continuing faintly, as indicated 
bj (6). 

(7 (.) I found it very difficult to fix the limit of light on prec side of c*! Orionis, beyond about a field from 
that star. About Dec. -j- 34' and AE. —30' to 35', is a region of comparatively few small stars; I almost 
suspected diffuse faint light in approaching this re^on. The connection of c Orionis with great nebula, is per- 
haps most decided teilh the low power in the diffused light extending s. p. from c Though with the higher 
power, that by way of the Cam [nebula Mairanni] may be easiest discemt-d. Evidently the moss of light 
from nebula c Orionis sweeps off southerly, and especially s. prec 

(9 6.) The association of nebulosity with stars AK.-|-1' Dec -f 33' = c> Orionis, AR.— 5' Dec -f 39' 
(very strongly), A R. 0' Dec. = + 42', and AR.-|-2', Dec + 36" is here referred to; all these stars are 
coarsely double. 

(10 b.) On revision, was well satisfied with last night's sketch ; made some additJons and continued light s. 
p. c to its connection with great nebula about AR.— 20' Dec -|- 14'. It seems that the immediate neighbor- 
hood of the great nebula, especially the following side, and that of i Ononis have considerable areas, compara- 
tively clear of small stars, while at greater distances, as for instance, far north of c* Ononis, the ground 
of the sky assumes the aspect of the milky way. It is a« though there had been a process of absorption into 
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the nebala. (Purity of sk; throughout unexcep^onable, and definition quite good.) Had made arrange- 
menta for drawing the nebula to>night, and put the low power eye-piece (that given by Mr. Sbimmin), and 
the object'glass in condition for observing with least obelruction of light. Fortunately, the night was one of 
the finest we ever experienced, for the object particularly retjuired, to trace the utmost limits of the nebula, 
and the connection of i and c Ononis with 9 Orionig, I do not know that I ever saw the lout entembU of the 
nebula to such advantage. To ascertain the limits of faint light, the telescope was moved rather quickly from 
a distance of several fields, until the dawning of the light could be discerned, the operation being ofiten 
repeated, three or four times, until the limit was definitely determined on. I think that in most cases there 
was perceptible, though barely visible, faint light outside of the point taken. 

1864, March 9. A fine clear night; completed drawing of nebula about t Ononis under veiy favorable 
drcumalaDces, the sky being clear, dark, and tolerably quiet. Using Sbimmin eye-piece, power, = 90, tha 
fine curve from S'" to region preceding D"' is composed of quite bright nebulosity, contrasting strongly with 
the gulf or bay enclosed by it, having its centre about H'" and I'". With this low power and large field, 
combined with the Meesierian Branch whence it i^ues at S'", and with the bright masses in AB. — 14^, Dec. 
—4' (from 6') it forms deci4edly the grandest feature of the nebula. To the south of this (with the excep- 
tion of the brighter, very diffiiae nebulosity surrounding the nebolous star t, and tha strongly nebuloos, coarsely 
double star a. p. t Orionb in AR. —3', Dec —37') can trace no feature, all is a difliise nebulosity shading 
off by insensible gradations. There is a good deal of complication to a. and s. p. (especially) of S"', the 
latter itself belonging decidedly to the class of stars having nebulons appendages, the connection of nebulosity 
being perfectly decisive. A rather faint and irregular, but certainly recognized, bridge of light traverses 
the dark bay, passing the neighborhood of H'", I'", to S'". It does not much afiect the general darkness of 
the bay. The star W" [H. 58] n. p. O"', about AR. —2', Dec. —16', as I have ofien before noticed, is very 
strongly nebulous, the light connecting with R". Traced very clearly the upward (southerly) sweep of nebu- 
kwity in region &r preceding (and n. p.) ff. Especially a remariiahle dark vortex in AB.— 16', Dec -|- & 
from ff, and wispy convolutions stretching s. p. over region about AB. —24', Dec.-|-5', forming last of 
principal light on this side of nebula ; beyond are no details. From this vicinity a strong mass of diffuse light 
connects with c^ Ononis. The a. t sweep of nebulosity over region between I"I" and 0"0" well seen ; this 
part of nebula more regular in the curvature of wisps. N. B. The presence of (ewer stan of all grades, 
is it an absence of centre of disturbance? The limit of light (not faintest) well pronounced, passes 1' to n. 
of N"N" and 0"0". 

Recognized the thre« communications between c Orionis and ff ; the middle one is least evident of the 
three. Tried to fix a limit of nebulous light from c Ononis In direction of the coarse cluster n. p. tt. The 
nebulosity certainly penetrates the south side of duster, say to Dec. -f- ^6', but the number and brightness <^ 
stars as the nebulosity grows fainter, make it impossible to follow it through the cluster with certain^, though 
it can be traced farther on either side preceding or following duster. (N. B. March 8. Traced to -{-62' wiUi 
ease and with finest possible sky.) 

With Comet'Seeker it appeared that the three slai^groupe about l, ff, and c Oricmis, were projected upon a 
ground comparatively less massed with milky-way stars than the more distant regions ; at least one might 
fancy that the three groups were supplied somewhat at the expense of oontiguous territory. Thus, if we 
suppose (, 0, and c, grouped as in drawing, the region surrounding, to a distance represented by dotted lines, 
has fewer stars, or less of ttar-dutt than that outside of it. The middle star, especially, of Belt of Orion, 
has an evident aggregation of stars at)out iL [Afler these observations the filar micrometer was replaced.] 
48 
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1864, March 19. As usual, the portion of B. Huygeniana prec & Orionia is brightest, and in very early 
twilight the bright region is defined bo aa to extend borders of Sinus Magnus to preceding side of V. Have 
often remarked this before. 

1864, March 24. StruTe'a remark (Obserraiions Great Nebula Oiion, p. 110,) as to ratio of distances from 
H. 110 to Proboscis and ^ Ononis, through 110 to Huyghenian Begi<Mi, is not confirmed. Proportions are as 
in my drawings and engravings I find that in Herschel's drawing at the Cape of Good Hope, the cusp near 
fliarp (H. 117), might readily be sketched in attempting to represent its present aspect. The darkness to 
north of H"H", where is also a recession of the edge from the star, gires, tboagh less decidedly, a similar 
effect with H.'s drawing; the nebulosity touching p or nearly so. See Slruve, p. 110. I do not think his 
view, as to a change, sustained in this feature. Stnire, p. 110, remarks change in Prom. Herschelii that it no 
longer has its cusp or apex at star 126. Found that this, as represented by Herecfael, would answer well for 
present aspect of nebuhi, without a better atmosphere than we have to-nighl. 

1864, March 28. 236,» 7* IT". Brightest of nebulosity just preceding & at distance 35" is visible over 
area of 0.'5 by side. 

7'' 19"", Outline of Huyghenian region is readily dislinguished, especially near T". The light near ^ is a 
little, but not much feinter than that prec. &. 

7* 25", The B. p. margin of Huyghenian region is evidently less clearly defined than s. f. edge, and fully 
explains Herschel's having given it less expression. His engraving, however, is far too indefinite here. 

7^ 31". Compared carefully the bright masses of Huyghenian region with engraving, and found an excel- 
lent agreemenL 

Comparing bright spots of Huyghenian R., was much pleased at excellent agreement of engraving with 
nebula. The only correction suggested by this examinalion was, (hat the Sinus Lamontii sboold have been a 
very little darker; yet it is not darker than the dark Fpace first met in crossing from it (o T", nor than that 
immediately n. f. the trapezium. It is conspicuous, rather from its size than its intensity. Were the trapezium 
stars removed, I think that region would be much darker than Sinus Lamontii. I was confident of tracing 
continuation of the decided margin of s. p. edge of Huyghenian B. across Sinus Lamontii. The engraving 
does not represent Huyghenian R. proportionally too bright. Nebula minima, seen as usual ; has two centres 
of somewhat brighter light. The sweep of Messierian Branch on preceding side, objected to in Herschera 
and W. C. Bond's engravings, by Struve, at the pmnts near star h"h"| (Prom. Herschelii) and near^, I have 
examined, and find, that as a general expression, my engraving is exact; but that south of h"h"| there is less 
decision, and, as shown in some of my old drawings, a fringe of nebulosity on the sonlhem sweep, which might 
account, imperfectly seen, for Strave's remark that h"b"i was 20" north of Prom. HerscbeliL In engraving 
the wisp from trapezium acrosa S. Lamontii is rather loo bright. 

1864, April 7. Liapunoff's remark as to relative brightness of E. Picardiana and Messierian Branch [ii 
not ooofirmedj. I find the former immediately north of R. Huygeniana, by far the brightest. 

The remarks, in Anntial Report of the Royal Astr. Society, of Messrs. Stone and Carpenter, as to " Square- 
ness of outline" of S. Magnus [are also not confirmed]. I find on comparison no correction needed in my 
engraving, excepting, perhaps, a very little less definiteness of outline, and rather more light between the 
" Bridge " and the part of Sinus Magnus towards the trapezium. 

1864, April 9. Atmosphere very much disturbed. Comparing the Sinus Magnus on my engraving; and 
remark of Messrs. Stone and Carpenter as to squareness of this feature, I think that I perceive that under 

* Newly Sidereal time. 
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vetj t»d definition, and the reduced light of the nebula, owing to its low allitnde, there is more resemblance 
to their description, and lo Sir J. Herschel'a drawing In this particular, than when the nebula is seen to advan- 
tage. There ia a loss of precision in northern edge, although the terminus near ^ is quite sharp. In bad 
definition, with feeble light, the dark channel which passes S, c, and i, might be confounded, near Q', with the 
S. Magnus, and so explain Sir J. Herschel'a figure. 

18G4, April 14. Just before it clouded, I prepared to sketch the brighter parts of the nebula, and noticed 
that the outline of Huyghenian B., the part stronglj expressed on my engraving, is distinctlj* recognizable, and 
eertiunlj, even in the part between AR. of T" and B^'B" at origin of Messierian Branch. The tatter does 
not blend here with R. HnjrgeniaDa, nor does the light sweep out in definite curve, nearly so far in the parallel 
a little s. of ff, and towards following side, as is represented in Sir J. Herschel's drawing, but its limit even 
fallsshort of AR. of B"B" as in raj engraving. In fact no part <^ the bright region shades off more indefinitelj 
than ia shown in my drawing, excepting it be about x, where the bright wisps of R. GentiL originate, but 
even this ia not noticeable. (April 15, seema to be outline at x as well, and a narrow darker space separates 
B. Hoygeniana from origin of wisps 2" or 8" broad.) I had begun an outline noticing that ay was more 
readily traced than northern limit of S. Magnus, and (hat general effect of prec. margin of S. Magnus is 
that of a nearly straight, and tharply defined edge inclining to s. f. direction. More nearly atraigbt than 
I have represented it in the engraving, where the bright mass in o. p. comer of S> Magnus is perhaps a little 
too bright, and too distinctly tending to a. p. direction. These appearances were noted hastily, but without 
thinking at the time of Mesars. Stone and Carpenier'a remarks, in Report of Council of Astr. Soc ; but the 
correction here noticed would rather increase the $guareneu of preceding part of S. Magnus, [z is the pre- 
ceding point of the Huyghenian Region ; ay \i the southern boundary of the Sinas Magnus.] 

1864, April 15. Sky at firat not clear} but improved, though it clouded again towards close of observations. 
Vision at first disturbed ; improved towards middle of obaervations. 

At S** 50" 45', by Chro. 23fi. Can distinguish brighter masses of nebulosity espedally preceding the 
trapezium. 

At 8" 56*. Light preceding 6 in parallel, may be (raced 4*.3. Centre of brightest part 2'.25 [preceding 
ti], brighter mass is about 50" long. ; axis [in] s. f. direction incluied 25° lo hour circle. Brightest part [ia] 
about in parallel of 0. 

The south shore of Cape* is south of Q' 19."2. Herschel's engraving has this limit north of (^. 

[G. P. B. allows 3" for the half breadth of the " Cape," and this, with the declination of Q*, (H. 87) I00."0, 
from page 85, gives for the centre of " Cape " the declination -|- 83."8.] 

[The difference of declination between & Orionis and the north point of bright mass whi<^ reaches south- 
ward lo ^ (H. 75) ia now measured, 69."8.] 

It is about 15" 6. of 3. face of Cape ; there seems to be an error of 10" in the engraving, which has A S 
= 81". 

The limit of general terminus of Huyghenian Region from ff [measured in declination]. A S ^ 53."3. 

Following edge of light mass about (n. of) ^[measured] in AR iromff; Aa:=25."6. This edge ia nearly 
in direction of AB. but very slightly inclines to a. f. direction. No other part of preceding edge of S, Mag- 
nua is so near to ff in AR. My engraving is here to be corrected as to this mass axis. 

* By " Cape," 1* meant promonloTy fanning tlie aonthem boundary of S. Uagnni ; tbii edge trends a llltle n. of parallel 
tovuda » in AB. (Note Iiy 0. P. B.] 
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Also the D. p. corner of S. Magnos ia to be filled in with more light. Noticed separation of wiepi at origin 
from point x, April 14th, of Hayghenian Region ; wisps emanating from z should be broader and more diffuse 
than in engraving, and brighter. 

More light in S. Gentilii, by diffusing Ibe masses there somewhat. The end of Cape at C, is well placed 
in AR. en engraving; greater than AR. of B"B" [+151."4, page 85, No. 708]. From C, the boundary of 
light is coDtiaaous, across interval between AR. of Q' and 0>, although dark canal from c, ^ and S, is traced 
as intersecting it without by any means oblileraling the light. 

The least definite edge of bright light of Huyghenian R. is on the side n. and n. p. 6', though even here the 
light &des quite suddenly, so that line n. of Fig. A sbould be made a litile more pronounced in engraving. 
The bays fi, ft!, etc (Fig. 3 of Hcrschcl's engraving), do not exist npart from possible slight deficiencies nS light 
which are not now lo be recognized. 

Star ^ [H. 75] is far within nebulosity, not at its edge, as Herschel has it. His limit ir ir' of nebulo^ty 
north of Q* is far too much north of it. The " nebula minimn," he places in parallel of Q', when it is really 
far south of it 

For the above I compared Herschel's engraving, revenied by reflection so as to present it as seen through 
refractor. 

From the foregoing observations it may be gathered that in all probability not only 
the stars of the trapezium (the multiple star 6' Ononis), but also many in the neigh- 
borhood, are physically connected with the nebula. This is especially true of the 
groups, which, to the naked eye, form i, B, c. Ononis. For we see that each of these 
groups is accompanied by a nebula. We have three nebulae in a nearly right line ; 
the probability that mere chance should have superposed on these nebulae three 
bright star-groups, also nearly in a right line, and the extremes equidistant from the 
middle one, is very small indeed. The conclusion that the star^groups and nebulae are 
physically connected, each group with its nebula, and the three systems of stars to- 
gether, is much strengthened by the manifest connection of the three nebulae inier se. 
Sir John Herschel, it is true, was not able, with his 18-inch reflector, even at the Cape 
of Good Hope, to trace the connection ; but he carefully avoided deciding the point, 
as the fact appeared to him extremely probable, and as he had traced the nebulous 
connection between 6 and i Orionis. The previous observations, as well as those made 
by Prof. W. C. Bond, confirm the connection of all three nebulae in the most decided 
manner; the luminous circle whose centre is near the star Herschel 34, and which 
encloses the principal great nebula, and nearly touches t Ononis, connects i and 6 ; 
while 6 and c are joined by three filaments of light extremely attenuated. 

The name " Corona Herschelii," is suggested, in accordance with what are believed- 
to have been Prof Bond's wishes, for the luminous circle between i and 6 Orionis ; as 
Sir John Herschel first traced a portion of it (I suppose the continuation of the Mes- 
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sierian Branch ), and as Prof. Bond's view of the whole subject accords so exactly with 
the wise auggeation or surmise of Sir William Herachel. The following quotations 
from these two great authorities, will be read with interest 

"Fifth Class. Very large nebulae. V. 35. Diffused m. nebulosity, extending over 
no less than 10 degrees of P. D., and many degrees of R A, It is of very diflferent 
brightness, and in general, extremely F. and difficult to be perceived. Most probably 
the nebulosities of the 28th, 30th, 31st, 33d, 34th, and 3Sth, of this class, are connected 
together, and form an immense stratum of far distant stars, to which must also belong 
the nebula in Orion." Sir W. H., in PkUoaophical Transactions for 1789, p. 249. 

Again. "Table of extensive diflFused nebulosity, No. 24. Visible and unequally 
bright nebulosity R A.=5'' 28- 31' P. D.=94' 22', Par.=r 48', Mer. = 2° 32', Area in 
square degrees = 4.6. I am pretty sure this joins to the great nebula in Orion." Sir 
W. H. in Phihi<^hical Tramacttons for 1811, p. 276. 

<^ Although I have not succeeded in tracing any nebulous connection between this 
nebula (c Orionis) and the great one about 6 Orionis, yet as their distance is not much 
more than half a degree, it not improbably forms part of one great nebulous system 
extending southwards, through and beyond that nebula as far as i Orionis, up to which 
star a pretty conspicuous branch of the great nebula runs. More powerful telescopes 
than mine must decide this point" Sir J. H. in '^ Results of Astronomical Observations 
made during the years 1834, 35, 36, 37, 38, at the Cape of Good Hope," p. 11. 

The connection of stars and nebulae is rendered additionally probable ft-om the 
absence of nebulosity and of small stars in the same field ; from the nebulous wisps 
attached to bright stars, and perhaps from the discovery by the Professors Bond, and 
by O. Struve, of variable stars among those of the General Catalogue, especially near 
Q Orionis. 

Portions of the nebula have been seen to approximate to resolvability ; and in one 
place both Prof G. P. Bond and Dr. Gyldfen appear to have detected a cluster of very 
faint stars, which were visible but by glimpses. This is especially interesting in con- 
nection with the researches of Hnggins, on the nebula, as viewed by the spectroscope, 
and other such researches now in progress. The limits of visible nebulosity, as 
sketched by Professor Bond on a chart of all the brighter stars in the General Cata- 
logue, are the following :— 



+ 7 



AB. 


Dm. 


AR. 


-ay 


+21' 


+31' 


-46 


+33 


+22 


-31 


+66 


+23 


+ 1 


+62 


+23 


+28 


+69 


+20 
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SECTION VI. 

ON THE SPIRAL CHARACTER OF THE GREAT NERULA IN ORION. 

Extracted from tAt " Proeeedingi of the American Academy," Vol V. ^. 227-230. 

[Peof. G. p. Bond exhibited a drawing of the great nebula Burrounding the star B 
Orioois, representing its appearance in the twenty-three foot refractor of the Observa- 
tory of Harvard College.] 

The feature to which attention was particularly directed was the spiral structure of 
the principal masses of light, or, more correctly, the tendency to an arrangement in 
elongated wisps or whirls, sweeping outward from the bright region of the trapezium. 
A disposition of the nebulosity in some localities to radiate from the vicinity of the 
trapezium, noticed in the Memoir published by Prof. W. C. Bond in 1848, has repeat- 
edly attracted attention in subsequent years. The idea of a spiral character in the 
radiations had even been suggested, without however presenting itself definitely to the 
mind as the true conception of the leading features of the nebula. 

During the past winter, opportunities were taken to review the whole region, with 
particular reference to this peculiarity; attention being given exclusively to the 
arrangement of the diverging wisps of nebulosity, and the alternating dark spaces by 
which they are separated from each other. A particular scrutiny of the latter was of 
considerable assistance in tracing the fainter convolutions. The form and disposition 
of the whirls were thus defined by two independent processes, the nebula being first 
sketched as a bright object on a dark ground, and, again, its darker openings and 
channels as dark objects on a white ground. 

The quarter designated in Herschel's chart * as the Regio Godiniana, was first ex- 
plored. The nebulosity was here resolved into an assemblage of three or four long 
wisps, interlaced with each other, or crossed by offsets ; these were ultimately traced 
from a point near the northern margin of the Sinus Magnus, over the whole length of 

• Mem. Astr. Soc, Vol. II 
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the Begio Ficardiana and the Regio Godiniana, forming a sweep of 120". Aiter pass- 
ing the well defined northern boundary of the lastrnamed region, and beyond Her- 
Bchel's stars o and £, these wreaths bend rather suddenly, and tend towards the south- 
preceding direction. Indications of their presence in this quarter are imperfectly 
suggested in Lassell'a and in Sir J. Herschel's latest drawing. From this point feeble 
traces exist for IC or 15' in a south-preceding direction. Their course over the R 
Picardiana gives a decidedly reticulated aspect to the whole region ; but, though 
bright, they are here so closely intertwined and connected by ofisets, that it is a matter 
of no little difficulty to gain a clear comprehension of their proper relations. The 
complexity of the details is further increased by several ofehoots from this quarter, 
which cross over into the adjacent R Derhamiana; still the general eflFect is easily 
recognized. 

From the southern comer of the Regio Picardiana, and from those parts of R Der- 
hamiana and R Huygeniana which lie near the trapezium on its north-preceding and 
preceding aides, a number of narrow and bright branches diverge, their extremities 
tending also to the south-preceding direction. Some of these cross the R Gentiliana 
and seem to merge together, forming a nebulous mass, which can be followed through 
an arc of W or 15'. Others, which are less curved, originate near the Sinus Gentilii; 
these are narrow and somewhat tortuous. 

It Is to be noticed that the initial direction of the wreaths (Nebelstreifen) changes 
continuously from an angle of position of 330° on the northern mai^in of the Sinus 
Magnus, to one of 220°, or less, at the S. Gentilii, and the sweep of the curve corre- 
spondingly diminishes, so that throughout the whole nebulous region preceding the 
sharply defined apex of the R Huygeniana, the extremities of the filamenta have a 
pretty uniform tendency in the angle of position 220°. As soon, however, as we pass 
to the fields on the following side of the apex, a change is immediately apparent, the 
ultimate direction being about in the angle 160°. The principal group of wisps results 
from the resolution of the R Messieriana, and the region between the trapezium and 
the Proboscis Minor, including both these features, into four or five distinct wreaths, 
having a common initial direction in the angle of position 110°. The very bright 
nebulosity lying between the S. Gentilii, the trapezium, and the R Subnebulosa, can- 
not he resolved into a regular structure, but three or four condensed spots, constituting 
tiie most brilliant part of the nebula close on the south-preceding side of the trape- 
zium, are plainly distinguished as tufts or curled offiets from a prominent wisp of light 
which extends from its origin, near the trapezium, across the R. Gentiliana. 

The general aspect of the greater part of the nebula is therefore that of an assem- 
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blage of curved wisps of luminous matter, which, branching outward from a common 
origin in the bright masses in the vicinity of the trapezium, sweep towards a southerly 
direction, on either side of an axis passing through the apex of the Regio Huygeniana, 
nearly in the angle of position 180°. About twenty of these convolutions have been 
distinctly traced, while others giving a like impression are too faint or too intricate to 
be subjected to precise description. It may therefore be properly classed among " the 
spiral nebulae," under the definition given by their first discoverer, Lord Rosse j includ- 
ing in the term all objects in which a curvilinear arrangement, not consisting of regur- 
lar reentering curves, may be detected. 

That the existence of this feature in the great nebula of Orion should have hitherto 
escaped notice, after the many careful scrutinies to which it has been subjected, with 
the help of the largest instruments and the most skilful observers, may seem scarcely 
credible ; a few words of explanation on this point will not therefore be amiss. It is 
to be ascribed partly to the confusing effect produced by the crossing and intersection 
of the principal striae and of their offsets, which the eye cannot unravel without the 
aid of some clue to their mutual relation and significance ; and partly also to the 
faintness of some of the detaUs, which are, nevertheless, very essential features in a 
correct apprehension of its structure, supplying, as they do, what would otherwise 
appear as breaks of continuity, and assisting materially in the recognition of a princi- 
ple of regularity pervading the whole structure. Until the law of relation and con- 
tinuity in the several parts of such an object is entertained in the mind, it must remain 
an incoherent, confused assemblage of material, having no orderly or connected 
arrangement 

The change from the previous notion of its configuration is not more considerable 
than that which took place with reference to the celebrated nebula 51 Messier, in 
which the original discovery of the spiral arrangement was made. Thb object had 
been subjected to a careful examination and description by both the Herschels, but 
neither their drawings nor descriptions furnished the slightest intimation of a spiral 
structure. It deserves particular notice, too, that there was no want of sufficient 
optical power to exhibit the appearance in question ; for the spirality of 51 Messier is 
seen with perfect distinctness in a refractor of 15 inches' aperture, and must certainly 
be within reach of the twenty-foot Herschelian reflectors. Nor can it for a moment 
be thought that the earlier observations and delineations were in any proper sense 
erroneoua They were simply made at a great disadvantage, in the absence of a clear 
conception of the general plan of structure presented in the object Some of the 
details indispensable to its recognition, being only taintly presented, were overlooked, 
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or, appearing by mere suggestions and glimpses of vision, they conveyed an erroneous 
imprecision ; in this way the mutual relation of the various parts came to be entirely 
misconceived. The missing links were supplied by the larger optical power of Lord 
Rosse's telescope, too plainly not to insure notice ; and the nebula then presented itself 
under a totally different aspect Instances of similar revelations, completely at vari- 
ance with previous conjectures, have indeed so oflen occurred in the history of astro- 
nomical discovery, that the process ought to be regarded as the ordinary rule, rather 
than as an unusual exception. 

[The notes of the observations referred to will be found in the text of the previous 
Section, at the dates 1860, Feb. 2lBt, 1861, Jan. 28th, Feb. 6th (when the regular 
examination mentioned in the early part of the present Section began), Feb. 13th, 
Feb. 25th, Feb. 26th, Feb. 28th, March 5th, March 7th, March 11th. 

The paper bears date March 12th, 1861, but underwent some revision after that, 
before it was finally printed. In 1862, observations upon Feb. 18th, made with the 
18J inch object'glass, by Alvau Clark, now belon^g to the Dearborn Observatory of 
Chicago, and at that time temporarily mounted in Cambridgeport, confirmed the views 
the author had previously expressed. There are also some notes bearing on this point, 
1864, Mareh 9th.] 
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APPENDIX I. 



OBSERVATIONS BY PROF. W. C. BOND. 

The following pages contain such measures mostly of right aeceneion and declina- 
tion directly made in 1847-48, of the stars in the nebula, as I have been able to find 
in the observing books. Tbe_y have been reduced to arc, employing the value 9."800 
of a revolution of the micrometer screw, omitting, however, the small correction for 
temperature, which does not appear to be very certain, and also the refraction correc- 
tion, which cannot be strictly computed, as the time is not given. These corrections 
amount at most to a very few tenths of a second, and are not essential here. 

After the observations for position, come some physical notes on the nebula, which 
have also been extracted from the observing books, for dates between 1847 and the 
commencement of Prof G. P. Bond's systematic course of observations, the main sub- 
ject of the present book. 



OBSERVATIONS OF STARS IN THE NEBULA. 1847-48. 
DIRECT MEASURES OF DIFFERENCES OF RIGHT-ASCENSION AND DECLINATION. 



W.C.B. 


D.t.1. 


a— 0, 


S-8. 


No. 
W.C.B. 


D.M. 


B— a. 


5-8. 


1 


1847, Nov. 26. 

1848. F,ib. 29. 


-499.2 


+283''8 
28eji 


5 


1847, Nov. 30. 

1848, Feb. 29. 


-242.1 


- 116''5 
118.2 


2 


1848, Feb. 29. 


-46S.4 


-114.5 


(530«) 


1848, Jan. 7. 




+2037.7 


3 
4 


1847, Nov. 5. 

26. 

1848, Feb. 29. 

1847, Nov. 26. 

1848, Feb. 29. 


-400.2 

-308.6 
304.8 


+268.2 
268.4 
271.8 

+ 4.5 

6.0 


(543) 
S 


1848, Jan. 3. 

1847, Nov. 26. 
Dec 29. 

1848, Jan. 3. 
Feb. 21. 


-197.9 

-178.4 
178.9 
172.7 


+ 510.1 

516.0 
511.2 


!, 


1847, Nov. 26. 


-242.4 


-117.1 


(554) 


1847, Dec. 29. 


-161.5 





* The numbers in pareDlhMet Are G. P. B.'s, for itsn not ia W. C. B.'s printed cntalogue. 
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No. 
W. C. B. 


D«t«. 




—a. 


«-«, 


No. 
W.C.B. 


D.t.. 


a— a. 


8-8. 


(554) 


184S, Jan. 3. 
Feb. 21. 


- 


162!b 
162.5 


+ 67K9 


36 


1848, FebL 23. 


+ 49''6 


+1955''3 








(667) 


1846, Jan. 3. 


+ 59.0 




9 


1847, Nov. 26. 




56.7 


- 119.0 












Nov. 30. 






120.4 


37 


1847, Nov. 5. 


+ 65.4 


+ 150.1 




1848, Feb. 29. 


- 


162.1 


121.2 




26. 
30. 


55.4 


148.4 
146.6 


H 


1847, Dec. 29. 






- 21.9 


38 


1847, Dec. 29. 


+ 63.7 


+ 670.3 


12 


1848, Feb. 29. 


- 


88.0 


- 180.9 




1848, Jan. 3. 
Feb. 21. 


^62.7 
62J> 


673.4 


13 


1847, Nov. 26. 


_ 


93J 


- 272.8 












30. 






271.9 


39 


1847, Not. 5. 


+ 66.7 


+ 102.0 




1848, Feb. 29. 




94.2 


273.8 




26. 
30. 


61.8 


99.8 
98.2 


42 


1847, Dec. 29. 

1848, Jdii. 3. 


_ 


82.4 

80.5 


+ 386.4 




I>ee. 24. 




96.7 




Feb. 21. 




73.6 


382.1 


40 


1848, Jan. 7. 
Feb. 23. 


+ 74.1 
74.1 


+1985.9 
1986.8 


14 


1848, Jan. 7. 


— 


73.1 


+1896.1 












Feb. 23. 




69.7 


1897.2 


41 


1847, Dec 24. 


+ 66.2 


- 34.8 


17 


1847, Nov. 26. 
30. 


- 


9.9 
9.2 


+ 7.7 
8.8 


43 
45 


1847, Dec. 24. 
1847, Nov. 5. 


+ 74J1 
+ 95.8 


- 36.8 

- 93.1 


21 


1847, Nov. 5. 


— 


2.7 


+ 17.0 




26. 


97.5 


93.6 




26. 




3.8 


16.1 




30. 




93.8 




30. 




4.8 


16.0 




Dec 6. 




95.5 


23 


1847, Nov. 5. 
26. 
30. 


+ 


7.0 
4.9 


+ 97.2 
99.8 
98.2 


(690) 


1847, Dec. 24. 


+116.8 


- 442.6 






46 


1848, Jan. 7. 


+128.3 






Dec. 24. 






98.7 




Feb. 23. 


127.4 


+2154.2 


25 


1847, Nov. 5. 
26. 


+ 


12.7 
11.8 


+ 8.1 
5.5 


(695) 


1848, Jan. 3. 


+130.2 


+ 819.2 




30. 




12.9 


6.4 


(69«) 


1848, Jan. S. 


+134.8 




28 


1848, Jan. 3. 
Feb. 21. 


+ 


31Ji 
21.7 


+ 434.1 
431.3 


59 
47 


1848, Jan. 3. 
1847, Nov. 26. 


+140.8 
+140.3 


+ 740.8 
+ 496.0 


29 


1847, Dec. 29. 


+ 


27.0 






Dec 24. 


140.7 






1848, Jan. 3. 




26.1 


+ 409.6 




29. 


140.2 


492.9 




Feb. 21. 




27.9 


405.6 




1848, Jan. 3. 
Feb. 21. 


144.0 
142.1 


493.4 
492.6 


32 


1847, Nov. 6. 


+ 


32.0 


+ 166.1 












26. 




30.3 


171.1 


48 


1847, Dec 29. 


+146.2 


+ 611.0 




SO. 






168.7 




1848, Jan. 3. 
Feb. 21. 


142.6 
145.0 


613.9 
612.3 


33 


1847, Nov. 5. 


+ 


42.9 


+ 160.9 












26. 




35.7 


161.7 


49 


1847, Nov. 6. 


+149.3 


- 261.1 




30. 






159.9 




26. 
SO. 


148.5 


252.4 
252.4 


35 


1848, Jan. 7. 


+ 


57.2 


+1809.6 












Feb. 23. 




53.9 


1811.5 


50 


1847, Nov. 5. 


+149.5 


- 93.1 
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No. 
W. C. B. 


Date. 


a— a. 


8-8. 


No. 
W.C.B. 


Dato. 


a-o. 


8-S. 


50 


1847, Not. 26. 


+150''4 


— 95''4 


70 


1848, Jan. 7. 


+ 3m'8 


+1924;'8 




30. 




95.6 




Feb. 23. 


321.8 


1926.3 




Doc. 6. 




96.4 


75 


1847, Dec 29. 


+ 362.9 




51 


1847, Not. 5. 




- 122.0 












26. 


+150.8 


185.6 


76 


1847, Dec 24. 


+ 371.6 


+ 197.6 




30. 




135.6 




24. 


370.6 


196.2 




Dm. 29. 


149.1 


185.0 




29. 
29. 


367.5 
365.7 


194.7 


68 


1848, J.n. 7. 


+157.4 


+1700.4 




1848, Jan. 3. 


372.8 






Feb. 23. 


157.6 


1701.5 




3. 

March 1. 


370J 
371.5 


196.5 
195.3 


55 


1847, Not. 5. 


+182.0 


— 175.7 












26. 


178.4 


175.3 


78 


1847, Dec 24. 


+ 385.0 


- 283.4 




30. 




175.4 




29. 




287.2 


67 


1848, Jan. 7. 


+200.8 


+1749.4 


79 


1847, Dec 29. 


+ 387.1 


+ 588.6 




Feb. 28. 


198.3 


1730.0 




1848, Jan. S. 


387.1 


586.3 


60 


1847, Not. 26. 


+212.7 


+ 446.3 


80 


1847, Dec 24. 


+ 422.6 


— 516.2 




Dee. 24. 


218.7 


443.4 




1848, Heh. 24. 


416.6 


520.9 




29. 


218.4 














1848, March 1. 


218.1 


445.6 


82 


1847, Dec 24. 
29. 


+ 457.5 
461.8 


+ 391.7 


(7W) 


1848, Jon. 3. 


+217.2 


+ 841.6 




1848, Jan. 3. 
March 1. 


460.1 
162.1 


386.4 
392.1 


61 


1847, Not. 5. 


+227.8 


- 110.0 












26. 

30. 

Dec 6. 


225.9 


107.4 
111.3 
111.2 


(806) 


1848, Jan. 3. 


+ 464.4 








83 


1848, Jan. 8. 


+ 453.1 


+ 3299 




24. 


223.7 


110.2 




Match 1. 


454.0 


381.7 




1848, March 1. 


224.1 


110.0 












24. 


226.1 


111.6 


87 


1847, Dec 24. 
29. 


+ 513.9 


- 304.2 
306.9 


62 


1848, Jan. 7. 
Feb. 23. 


+226.9 
228.2 


+1991.8 
1991.4 




1648, March 1. 




806.0 










90 


1848, Feb. 23. 


+ 54a3 


+2128.2 


63 


1847, Dec 24. 


+216J 


- 566.9 












29. 


221.1 




91 


1848, Mch. 24. 


+ 670.6 


- 855.4 


64 


1847, Dec 24. 


+242.7 


- 586.5 


92 


1848, March 1. 


+ 665.8 


+ 356.2 


66 


1847, Dec 24. 


+243.9 


- 464.6 


93 


1847, Dec 24. 


+ 628.2 


+ 63.0 




29. 


2433 






29. 
1848, March 1. 




60.1 
59.8 


66 


1847, Dec 29. 


+283.5 


+ 668.8 












1648, Jan. 3. 


279.3 


666.9 


94 


1848, March 1. 


+ 798.4 


_ 268.2 




Feb. 21. 


279.9 


668.1 


















(893) 


1848, March 1. 


+ 809.0 


+ 232.5 


67 


1847, Dec 29. 


+284.5 




















95 


1848, March 1. 


+1069.9 


- 56.6 


68 


1848, Feb. 23. 


+306.1 


+2099.8 


















96 


1848,Marehl. 


+1134.6 


- 8.7 
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Besides the above, there are a few measures of angles of position and distance, 
made October 10th, 12th, 15th. These, however, are not given in original, in the 
observing books, but simply as results ; they are passed over here, aa they appear to 
refer entirely to brighter and well-known stars, and some errors exist in the copy, 
which alone I have seen. It is probable that they were not used in the preparation 
of the Memoir. 

The faint stars in the vicinity of the trapezium are not among them, and appear to 
have been given in the catalogue from estimates. 

The remarks about the physical appearance of the nebula are in many cases inter- 
esting, and some extracts &om them, including all where I have been able to make 
out with certainty the portion of the nebula observed, are now given. 

1847, Dec. 6. The brighter parts are coDStantly eparkliog with poinls of light, seen iu favorable moments. 
No. 6, plaia ej'e-piece, breaks the nebula into cumulus clouds. 

1847, Dec. 24. [Some measures were made of points in ihe nebula; the following are defiiiilely given as 
results.] From a to the edge of the preceding portion of the brightest part of the nebula, A AB. lO.'OS 
[=98."2]. Breadth of the brighter portion of the nebula in the parallel of declination of a, 12.'64 [=123."9]. 
Difference of declination of a and lower coast of ihe ba; n. £ 8.'29 [=81."2]i as a is almo^^t exactlj on the 
parallel of npper coast of this hay, this S.'29 is the breadth. [The coordinaies of the terminus of the brighter 
part of the nebula apparently above are found to be a— a„^0."0, 3— fi,^ — 167."G ; and tiiose of the 
boiiom of tlic bay south preceding, — 77."3, — 75."6.] 

The fixed wire on a, in a parallel of declination, runs along Ihe upper edge of the opening folloniiig the 
trapezium, past Xo. 5 [H. 110]. 

1848, Jan. 4. The preceding boundary of the born is very sharply defined all the distance from below 24 
(H. 123) to above 25 (H. 126) ; the turn towards 25 is firmly outlined and beautifully curved, equally above 
and below ; the following side of the horn is by no means so well defined, but flies off in visps of cirrus. The 
branch bebw is of the same character; this branch originates in the stronger light. There is undoubtedly 
considerable nebulosity enveloping the stars c, 4, 5, 6, and 7, hut the sudden increased density of tlie " bom " 
b very marked and clearly defined. 

The cam-shaped portion which is connected with the main in the s. p.- direction from • 21 [H. 108], forma 
on Ihe following side rather more than a right angle, tenninaling abruptly at 29 n. f., [H. 1 24 ?] the light is 
somewhat condensed to 21, but not strongly. 

The brighter portions of the nebula are broken up into cumulus. 

The nortbem nebula which we have brought in to-night is connected with the main by the preceding roaie, 
sweeping round with faint light. We do not resolve the nebula to-night ; the stars are broad and blotty ; ther- 
mometer falling. 

1848, Jan. 12. The brighter portion seems full of points of light at times. I have the utmost confidence 
in treating these minute points. 

1848, Jan. 17. [Diagram by W. C. B.; marginal note by G. P. B.] «This diagram shows terminal 
angle of R. Huygheniana in AR. 150"." 
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1848, Feb. 7. From the star at (he (enniiiatitm of the Messierian Bnuicb the nebulosity radiates upward 
(south) and in the preceding direction, terminating in a cloudy appearance. The nebula passes on the follow* 
ing Bide of i Ononis. 

1848, March 22, It was uncoraraonly fine seeing just as twilight ended. I saw many stara in the neigh- 
borhood of the trapezium of Orion, and Sir John Herschel's star, the sixth star, stood out boldly. It is all but 
certain that this part of the nebula la composed of clusters of stars. 

The first tendency of s. p. side from south cape is at a right angle to the s. f. side, provided we limit the 
region (o the biightest portion ; but Ihe light is prelty strong in a southern direction, so that by taking the 
whole extent of Ihe cape we lessen the angle to about 70 or 75 degrees. 

There are other remarks with these, which are more or less obscure; and I am 
apprehensive that I have not, through my slight acquaintance with the nebula, got 
the sense of all which might be understood by a more competent editor. Some of 
Prof W. C. Bond's notes upon the nebula are apparently not now to be found ; at least 
I so explain the deficiency in places of the preceding observationa of position, as com- 
pared with his catalogue. Yet in many cases, the catalogue positions may have been 
inserted by estimation, or perhaps have even been taken from the chart. 

In connection with Prof W. C. Bond's observations, I placed his original drawing 
(or what appears very certainly to be such) in the hands of Mr. Watts, to reSn- 
grave. The difficulty of his task has been great, and the variations between his 
engraving and the former one considerable ; but, as might be expected from so skilful 
and conscientious an artist (known to astronomers by the engravings in Vol. III. of 
these Annals), the present edition is much more accurate than the former. His princi- 
pal care has been to render with fidelity the nebulous parts, any deviation in which 
would affect the appearance more sensibly than inaccuracies in the magnitudes of the 
stars, which are of leas importance in the drawing. 

Some very feint details in Prof G. P. Bond's drawing, as, for instance, the very slight 
nebulosity about 2' preceding H. 136 =' No. 848 of the present catalogue, are, with the 
somewhat greater optical power of the Chicago equatorial, more conspicuous ; and I 
am led to the conclusion that Prof. W. C. Bond's drawing represents the nebula as seen 
in a very advantageous state of the atmosphere ; while the later and more elaborate 
engraving of Prof G. P. Bond certainly represents it as seen on usual good nights, with 
great precision. 
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APPENDIX II. 



ON THE ERROBS OF THE EQUATORIAL AND MICROMETER 

The observations in the body of tbe work were made for the moat part with the 
mica scale micrometer, (See Vol. I. Pt U. of these Annals, p. iv,) or with the filar- 
micrometer, and in either case the errors in tbe position of the instrument with re- 
spect to Hie pole, and the flexure of different parts, produce corresponding errors 
in the zero of the position circle, which must be eliminated. 

The formula for tbe correction of these errors counted positive when denoting a pos- 
itive correction to the angle of position, is (for declination circle preceding) 

y sin (r~S) tec S+t'i sec S— (e+e cos ^ bid r) (an S -|- ^ (sin ^ cob 8— cos sin S cos t). 

Here y is the distance of tbe pole of the instrument from tbe pole of tbe heavens. 

6 is the hour-angle of the pole of tbe instrument 

T tbe hour-angle of tbe object observed, or rather of the middle point between tbe 
two objecta observed. 

S is the declination of the same point 

ii = i~e sin ^. 

i is the complement of the angle between the hour and declination itxes. 

e is tbe flexure of tbe declination axis. 

f is the latitude of tbe place. 

c is tbe collimation of the instrument 

e is the flexure of tbe tube. 

4' is tbe angle by which tbe tube of the telescope, rigidly fixed to tbe declination 
axis, tends to rotate by the flexure of that axis. 

This is of course diflerent from the fiexure of Uie declination axis itself. 

The formula above given is essentially Bessel's ; it may be found on p. 394 of Chau- 
venet's Manual of Spherical and Practical Astronomy, VoL II., with the exception of 
tbe last term, which is derived from p. 430 of tbe same volume. 

The sense in which each of these quantities is to be taken, is as Chauvenet gives 
them, namely : — 

The bour-angle 6 and r are considered as increasing with a motion of tbe points to 
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which they refer from the meridian above pole towards the west, and are counted 
from the meridian above pole. 

The tiexure e of the declination axis ia considered positive when the declination 
circle is depressed, and e is positive when the object end, as is natural, is depressed 
through flexure by a larger angle than the eye-end. 

The angle i is considered positive when the pole of the declination axis is in north 
declination referred to the equator of the instrmneut 

The latitude $, and declination 5, are of course positive when north j c is considered 
positive when, for declination circle preceding, the observed hour-angle is too small. 

In the present series of observations the zero of position was always determined by the 
stars in the nebula, at times varying but two or three hours from those of observation. 

Consequently all the parts of this correction to the angle of position which are 
independent of t will disappear or be eliminated at once ; and the remainder of the 
terms depending on e and 1^, being multiplied by sin ^ or tan &, about —0.1, will be 
greatly diminished. They may certainly be neglected, as observations of declinations 
(see below) indicate a value of e not exceeding 2' or 3', nor do observations of the zero 
of position on difierent sides of the meridian show a value of ^ greater than 3'. 

So that 0.1 e and 0.1 ^ will be much less than 1', and may therefore be neglected in 
the zero of position. 

The quantity y is in practice separated into two components, 
i^y cos 6. *? = y 8'" ^■ 

Here g represents the elevation of the pole of the instrument above the celestial 
pole, and r; its distance in a westerly direction from the same point; and f and vj are 
.separately determined. In May and June, 1864, observations for the instrumental 
constants were carefully made by Professor Bond. They are of the following kinds. 

To determine i—e sin <^, ri, e, right ascensions of stars at culmination, or more prop- 
erly differences of instrumental right ascensions of pairs of stars near the zenith and 
south horizon were observed. These observations were made May 27th, 1864, and are 
as follows, in four set«. 



..«r. 


Humbeis of 
Stnr,, B. A. C, 


Ob^mil 

ma. AR. 


Com puled 
DifT. AR. 


S 


Tfllescopc. 


Diff.AR. 

Comp'd-Ob.'J. 


A 


4808 

4842 


- 7"'26!o 


- 7"34!3 


+30° 58 
-S7 12 


w 


-&.S 


B 


4916 
4943 


+ 6 59.5 


+ 6 59.1 


-33 18 
+39 48 


E 


-0.4 


C 


49.58 
4996 


- 7 44.6 


- 7 45.4 


+40 56 
-35 35 


E 


-0.8 


D 


5064 
5151 


-10 52.1 


-10 58.5 


+37 51 
-29 20 


W 


-6.4 
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The differences of AR. are always obtained by subtracting the chronometer time of 
culmination of the southern star, or the computed AR. of the south star, from the 
same quantities relative to the northern star. 

The equation between the observed hour-angle of an object, the errors of the equa- 
torial instrument and its true hour-angle, is for circle preceding 

T=:l-\-x—jf tan ^— y sin (t— P) tan S-f-csec 8— » Ian S 
■j-t (sin <^ tan S-|- cos ^ cost) -|-e cos ^ sec fi sin r. 

Where i is the observed hour-angle, x the negative reading of the hour-circle when 
the pole of the declination axis is 90" w. of the meridian. Making i=0,as in the 
above observations, and T the Sidereal time, we have, if a be AR, 

T— o ^x — ij tan ^ + 7 Ian 8-(-c sec S — (*'— * sin <fi) tan 8-|-€ cos ^. 

This formula holds for telescope east of the meridian, above pole ; for the opposite 
position, or west of the meridian, 

T— o = x~t) Ian + ij tan fi — e sec 8 -|- {t — t itin ifi) tan 8 — t cos ^ 

Denote now by T„ T„ a,, a, etc., the above quantities relative to mrih and south stars 
respectively. We shall then subtract the equation for a south star from that for a 
north star; the circle being supposed to precede, or the telescope to be east of the 
meridian. 

This gives, for telescope east, 

T„— T.— (a,-«.) = (^ — (■ + « fin *) (tan 8. — tan B.) + e (sec 8,— sec SJ. 

For telescope west, 

T,-T.- (a^-a,) =(>, + »■-« sin <f.) (lan S. - tan 8.)-c (sec 8.- sec 8.). 

Our four equations are then 

+8.5=1.36 (v + i — «sin if) -\-0.09c 
+0.4=1.49 (^- i + (6in ^) +0,llc 
+0.8 = 1.58 (t - t + « sin ^) +0.09c 
+6.4 = 1.34 (ij + « - « sin 4) —0.12c. 

The combination of the first pair of these equations with each other gives 

ij=3.'19— 0.07c I— (Sin ^= 2'.92 + 0.00c. 

The second pair in like manner gives 

1, = 2.'65 + 0.02c I— « sin * = 2M4 + 0.07c. 

The differences between these values are rather larger than was perhaps to be ex- 
pected. Their means are 

:, = 2.'92-0.03c t-<8iii* = 2.'53 + 0.04c. 
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In order now to determine e itself, we must go back to the observed cnlminationa 
expressed in Sidereal time, as compared with the computed right-ascensions. 
These are 



B. A. C. 1808 


14 26 19.i 


14 26 1.0 


+ieU 


" 


4S42 




33 45.4 




38 35.3 


+10.1 


« 


491$ 




47 51.9 




47 27.7 


+21.2 


" 


4913 




54 51.4 




61 26.8 


+21.6 


" 


4958 




57 16.6 




56 52.4 


+21.8 


" 


4996 


15 


5 1.2 


15 


4 37.8 


+23.4 


" 


5084 




19 4S.1 




19 24.1 


+19.0 


" 


5151 




SO 35.2 




30 22.6 


+12.6 



The equations between these and the instrumental corrections ore then, if z — t} tan 
^ be called A i 



18.4 = A ( + 0.6(hj - 1.17e + 0.60 (t-< 

10.1 = A ( - 0.76,7 - l-26e - 0.76 (»-« 

24.2 = A t - O.661J + 1.20C + 0.66 (»-. 
24.6 = a ( + 0.83.; + 1.30c — 0.83 (i~f 
24.2 = a(-f-0.87)j+ 1.32c -0.87 {»-< 
23.4 = i(-0.72q + 1.23c + 0.72 (»-* 
19.0=:4/ + 0.78.7- 1.27c + 0.78 (t-€ 



in ^) - . COB 
Id ^) — f COS ^ 

<^) + € 008 * 

0) + « cos ^ 
in ^) -|- c coe ^ 

*)-!-*««* 

^) — c COS ^ 



12.6 = a ( — 0.56>) — 1.15c — 0.56 (t— c buk^) — « cos *. 
Substituting the former values of ij, and i-e sin ^, we obtain 

15.13 = A(- I.16e-«co8^ 
14.24 = At-~ 1.27c — £ COB ^ 
24.46 = A ( + 1.25c + « cos « 
24.28 = A ( -I- 1.24c -|- ( COB <^ 
23.86 = A < + 1.26c + c GOB ^ 
23.68= Ar + 1.28c+«ooB <ft 
14.75 = A < — 1.26c — < 00s ^ 
15.65 = A(- 1.16c -e COB <^ 

We now obtain from these equations, by taking the mean of the first two and last 
two, for one set, and of the 3d, 4th, 6th, 6th, for another set, 

14.94 = &t— 1.21c - < cos ^ 
24.07 = a ( + 1.26c + « CO ^ 



Hence 



ar = 19.51 -f 0.02c 

<C0B.^= 4.56— 1.24c. 
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We have now to obtain an approximate value of c, which is readily found by obser- 
vations of Polaris in reversed positions of the instrument, at culmination. For if we 
subtract from the formula for T— a, circle preceding, its value for circle following, we 
shall have, denoting by "F — T the difference in Sidereal time between the culmina- 
tions, considered positive, when the one above taken with circle preceding would be 
later, 

T*— T = 2ceec8-2 (t— «siD 0) tan 8+2 . cos <^ 

and hence 

* ~ =c— (t— t Bin ^) sin S -|- < COB <^ cos S. 

For Polaris, cos S is very small, and sin 8 nearly 1 ; so that the equation thus formed 
is an advantageous one to combine with those previously obtained. 
Observations made on June 2d give 

T'-T = 5 245 
4 49.0 

approximately, and hence, using 3 = 88° 34' 57", 

c_(,_c BID if,) +0.025 € COB ^s=3.'79, 

and, as »■— e sin <^ = 2.*53 + 0.04<7, e cos 4. = 4.'56 — 1.24c. 

0.93c = 6.21 

e = 6.7 = l.'7. 

The following declinations, arranged by Prof Bond, give now sufficient evidence 
that ^ and 17 for other dates are not large enough to affect sensibly the zero of position, 
and that the instrument is mounted with great stability. They were made mostly in 
connection with filai^micrometer comparisons. 
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Besides the foregoing, the following observations were made, on June 2d, 1864, 
especially for the purpose of determining the values of £ and e, as well as A i, the 
index error of the declination circle. 



Star. Wmc 


Comp'd 
D«)lnitJoii. 


App. Ob.'d 


CiiDle. 


lUTne- 
tion. 


DMllDStloO. 


C-0 


Polaris 11 49.1 


88° si 57" 


88 34' 44' 


Free. 


-1' 6 


Bi 33 38 


+7§ 


Polaris 12 15.2 




36 34 


FoU. 


-1 6 


35 26 


-31 


a Cassiopeia 13 19.8 


55 47 23 


55 53 e 


Foil. 


-5 15 


55 47 61 


-28 


a} LibrsB 23 39.6 


-15 28 38 


-15 26 42 


Free 


-1 32 


-15 28 14 


-24 


P Vna Minoris 23 57.7 


74 42 43 


74 43 39 


Foil. 


+ 37 


74 44 16 


-93 


Polaris 4.0 


88 34 67 


88 35 20 


Foil. 


+1 


88 36 20 


-8S 


Polaris 15.8 




88 33 32 


Fiw. 


+1 


88 34 32 


+25 


The formula with which these are 


to be compared, is 








C- 


-0=±4«-£ 


cos T— ij sia r— 


•"•(« + «^ 







where as before, tan 4- = cot ^ cos t, and the upper sign holds good for circle preced- 
ing, and the lower for circle following. 
The equations thus formed are 

+79= AS-f 1.0Of-0.75e-O.O5j7 » = +81 

-31 = - A S + 1.00 ( - 0.75« + 0.077, -34 

-28 = - A fi + 0.94 ( - 0.95< + 0.34.J -42 

-24 = AS- 1.00 f - 0.85« + 0.09., -28 

-93 = — A 8 - 1.00 f + 0.54< + O.Olij -93 

-83=- AS- 1.00f+0.72«-0.02ij -82 

+25= a8- 1.00^ + 0.72« — 0.07ij +28 

{Substituting for »j its value 2.'92 - O.OSc = 2.'72 = 40."8, and thus eliminating it^ 
the numbers n take the place of the known terms in these equationa) 

The final equations by the method of least squares, omitting fractions of seconds, 
are 

+882 = 7.00 A 8 - 0.94 f - 0.44* 
+183 = - 0.94 A 8 + 6.88 f - 8.52« 
- 61 = - 0.44 A 8 - 3.52 i+ 4.08* 

whence 

A8 = 57" 
f = 58 
«=37 

It does not seem necessary to pursue the investigation farther, except to compare 
these values with observation. Substituting them in the equations, we have 
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C-0 


Polaris 


-1" 


PolariB 


-2 


a Casaiopeiffi 





a* Libm 


— 1 


$ Ursas Minoris 


-3 


Polaris 


+1 


Polaris 


-3 



The probable error of one observation is thus about ± l."7. 

For the declination of the nebula — 5.°5, the correction of the angle of position is 

1.00 i sin r— 1.00 v cos t ± i, ± 0.10c ± O.lOe cos * sin t. 

And for a change in r only, without a reversal of the instrument, it does not vary 
by an amount capable of producing a sensible effect on these micrometric observations 

The coefficient -^ depending on the rigidity of the connection between the tube and 
the declination axis, was found on June 3d to be about 2.'4, the angle of position of 
any object being apparently too large when the circle precedes. This again for 
5 = — 5.°5 becomes of sensible influence only when the zero is determined in opposite 
positions of the instrument with respect to the declination asia; which is not the case 
for the Orion Zones. 

2. The stability of the instrument in rightroscension is readily tested by the accord- 
ance among themselves of the separate zones of Part I. ; but it is desirable to show 
that there is no tendency to a general change in right-ascension. For this end, I have 
derived from the tables of reduction of the zones given in Vol. I. Part II. of these 
Annals, the values of z', which include such a general change, if supposed to exist, the 
clock-rate, and the variation for 1'" of a of the terms 

-/-y Bin (C + a) tan 8 - A sin (S+a) sec S. 

This last variation, as 5 is, in maxixno +20', and A, H are approximately 19."5 and 
270"— O, becomes, in time 

-A cos (/T+o) sin 1"= -O.'Sisii. (a-©), 
and we can substitute for it nearly 

-0."34 sin (, 

where i is the mean time of transit reduced to arc. 
We then apply to the numbers x', the quantity 

0.*34Binf-|-r, 

where r is the hourly rate of the clock, which does not appear to have exceeded O".!. 
The observations were mostly made before lO*" m. t, and we can be sure that any 
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constant change of the equatorial in AR. in l"* can only amount to much less than 
C.S. The resulting error therefore for 2" 15* difference of AR. from 6 Ononis will 
not exceed 0."3. 
Values of if : 



-0.28 


18 


-0.17 


33 


-0.34 


48 


-0.45 


-0.23 


19 


-0.16 


34 


-0.28 


49 


-0.21 


-0.48 


20 


-0.33 


35 


—0.26 


50 


-0.04 


-0.50 


21 


-0.34 


36 


-0.68 


51 


-0.29 


-0.60 


22 


-0.67 


37 


-0.94 


52 


-0.20 


-0.28 


23 


-0.80 


38 


-0.21 


58 


-0.18 


-0.35 


24 


-0.46 


39 


-0.40 


54 


-0.25 


-0.31 


26 


-0.63 


40 


-0.28 


55 


-0.36 


-0.15 


26 


-0.27 


41 


-0.43 


56 


-0.24 


+0.08 


27 


-0.50 


42 


-0.27 


57 


-0.21 


-0.05 


28 


-0.72 


43 


-1.32 


68 


-0.26 


-0.05 


2» 


-0.85 


44 


-0.46 


59 


-0.21 


-0.25 


30 


-0.24 


45 


-0.47 


60 


+0.07 


-0.10 


31 


-0.41 


46 


-0.68 


61 


-1.26 


-0.43 


32 


-0.92 


47 


-0.67 


62 


-1.36 


-0.35 















3. The value of one division of the mica scale employed in most of the observations 
of Sections I. and II. was derived from transits of Polaris and its companion ; and the 
same means were employed to assure freedom from error in the subdivision into min- 
utes of arc. The introduction to the second part of the first volume of these Annals 
contains an account of these observations. During the last few years various ex- 
periments have been made to deduce the correction of this value. These, however, did 
not produce very accordant results, although the mean correction was e.'tceedingly 
small ; so that tt could not be guaranteed as a sensible amount, nor could they be con- 
sidered as a considerable addition to the previous discussion. 

It has seemed useful to compare LiapunofTs and G. F. Bond's declinations in such 
an order that the discrepancy, if any, between their numerical expressions for the 
same arc might be manifest The results of this comparison are contained for the 
principal stars, denoted by capital letters in Sect. I., in the following table. The col- 
umns Decl. L. and L— B contain respectively LiapunofiTs declination, and the amount 
by which this is farther north than G. P. Bond's ; the latter extracted from Section IIL 
Part II., the Differential Catalogue. 
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THE GREAT NEBULA OF OBION. 



Hsnobcl. Dcol. L. 



L— B. HanohBl. Deol. L. L— B, [l«nchc1. Dad. L. L— B. Herechol. Dee!, L. L~B. 



74 —952.9 -1.6 145 - 50.9 
143 



1S5 



916.3 +1.2 

851.2 +1.8 

34 659.4 -0.7 

37 592.0 +0.2 



111 



95 



40 -424.2 +0.5 

47 399.6 +1.6 

8 309.6 -1.4 

133 303.3 +2.1 

123 283.7 +1.8 



+1.5 



+ 5.1 -0.5 
11.7 -1.8 



-581.9 +1.5 30 

567.4 +2.7 ISG 
524.7 +0.G 2 

464.5 +2.2 70 
442.1 +1.3 87 



+2.9 



+196.7 +0.7 
272.6 +0.4 



444.8 +0.7 
493.6 +0.6 



254.3 
252.8 
250.8 
241.2 

-207.7 
174.4 
118.9 
116.6 



95.7 
93.7 
71.9 



+1.1 
+3.1 



48 +511.0 +0.1 

124 588.3 +0.6 

-0.3 99 612.2 +0.7 

+2.5 49 666.1 0.0 

-1.8 113 669.3 +2.8 



These differences are in the majority of cases positive, 
each 8 or 9 successive ones as follows. 



-0.8 

+1.3 



-0.7 
+0.3 



+2.5 
+1.0 



86 +673.8 +0.8 
85 850.6 +1.4 

I." 909.4 -0.1 



+0.4 

I have taken the means of 



Lltpunoff. 

-679" 

875 

158 

- 32 

+225 



+0.88 
+1.09 
+0.29 
-0.04 
+0.30 
+0.72 
+0.54 



These numbers do not show any sensible dependence on the declination of the star 
relative to Ononis ; the cause of the constant difference 0."54 it is not easy to trace, 
and especially does it not seem likely to arise from the Cambridge obser^'ations, which 
are purely differential in character. 
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